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The State of California has recently embarked oraggressive movement towards reducing
greenhouse gas emissions that contribute to gtdimahte change, promoting sustainability, and
better managing vehicular travel demand. The reCatifornia State Senate Bill 375 explicitly
calls for major metropolitan areas in California rieeet ambitious greenhouse gas (GHG)
emission reduction targets within the next sevgealrs. Metro areas are considering a range of
policies to meet the emission reduction targetkiding land use strategies, pricing mechanisms,
managed lanes, telecommuting and flexible work $ouenhancement of transit and
pedestrian/bicycle modes, and use of technolodyetter utilize existing capacity. The analysis
of these policies, and responding to the manddtkegslative actions such as Senate Bill 375 in
California, calls for the adoption of model systetinat are able to accurately represent activity
travel patterns in a fine-resolution time-spaceticmim. Moreover, these model systems are
expected to provide a platform for simulating intgd land use and transportation plans that
are better able to represent gains in emissiorr@oint the medium (5-10 years) and the longer

term (10-25 years) horizons.

The Southern California Association of Governmé®SAG), the metropolitan planning agency
for the Southern California region (includes theurtiies of Imperial, Los Angeles, Orange,
Riverside, San Bernardino, and Ventura), is moviagvard with the development of a
comprehensive activity-based microsimulation masledtem of travel demand to enhance its
ability to estimate the impacts of a range of pplneasures in response to Senate Bill 375.
SCAG is also required to develop a “Sustainable @amity Strategy” through integration of
land use and transportation planning and demossitaitability to meet the GHG emissions
reduction targets by 2020 (8% GHG per capita pegr réauction) and 2035 (13% GHG per

capita per day tentatively). These are challentgngets for such a vast region, which includes a



population of approximately 18.6 million people 2008 (expected to grow to 23 million by
2035) and offers an extremely complex multimodal diverse planning context with multiple
actors in different jurisdictions. The new activitgsed microsimulation model system is
developed to address exactly this diversity amarggns and contexts, it is expected to be used
in the 2016 Regional Transportation Plan (RTP), endescribed in this paper. This model
system is the outcome of the second phase of irsaad development as well as application of
the Simulator of Activities, Greenhouse Emissiddstworks, and Travel (SImAGENT), which

is tailored to the Southern California region asg¢ompared to the four step model system used
in the SCAG 2008 Regional Transportation Plan.

There are four major components in SIMAGENT eaclioich is designed to handle specific
tasks. First, PopGen is the model system usedcteate the population (household and person
characteristics) of the SCAG area and is develogedirizona State University. Second,
Comprehensive Econometric Microsimulator of Socemiomics, Land use and Transportation
Systems (CEMSELTS) is the component used to givditiadal socio-economic and
demographic attributes for each person in the syittipopulation with a view to develop a rich
set of input data for the activity-based microsiati@n model system. Third, latest version of
Comprehensive Econometric Microsimulator of Dailgtiity-travel (CEMDAP Ill) modified
and tailored for the California region, is the campnt used to give each person a daily schedule
of activities and travel. Both CEMSELTS and CEMDAPare developed at UT Austin and
were already implemented for the DFW region inphst. Lastly, the output from CEMDAP is
aggregated to the zonal level to construct ODtaiges, which are loaded onto the transportation
network using TRANSIMS, and finally, the vehicletiaity is translated into emissions using
EMFAC which is the California region specific em@ss estimation tool used for all conformity

analysis.

In this chapter, we discuss the modified CEMSELTI®I e&CEMDAP Il components of

SIMAGENT. Specifically, the chapter is organized faflows. Section 2 discusses the
implementation of CEMSELTS to generate the disaggpes household and person level inputs
required for CEMDAP. Section 3 describes the ecatdm modeling system and the

microsimulation framework embedded within the latesssion of CEMDAP. Section 4 presents



the empirical validation of CEMDAP and the resutis sensitivity testing undertaken using
CEMDAP.
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The synthetic population that is obtained from PepGncludes a host of demographic and
socio-economic attributes for each household. @lagsibutes are those available in the sample
file (regardless of whether they were used as obnariables in the synthesis process). For
example, one may have used household size, nunibeoriers, and household income as
household level control variables. In additiontbese variables, there are a host of other
household attributes that are likely to be avadahlthe sample file, and all of them get carried
over into the synthetic population. These mayudel such variables as vehicle ownership,
number of children, housing unit type, family typace of householder, age of householder, and
ownership of home. Similarly, a host of persoreleattributes are also carried over into the

synthetic population file.

As mentioned earlier, the replication of sampleords in the synthetic population results in the
loss of a rich variance in population socio-ecorowmtiaracteristics. Moreover, many of the
socio-economic choice phenomena are not expligitigeled as a function of other demographic
attributes, thus creating a system where long aadium term choice decisions are not sensitive
to household and person demographic characteristite overcome these limitations and
provide a rich set of socio-economic inputs foindigt-based modeling, SIMAGENT integrates a
comprehensive econometric microsimulator of socimremics, land-use, and transportation
system (CEMSELTS). All of the variables that cadimulated by CEMSELTS are stripped
away from the synthetic population generated byG@pand replaced with simulated values
from CEMSELTS. The resulting richer set of inpigthen fed to CEMDAP, the core activity-
based modeling engine within SIMAGENT to simulaienplete daily activity-travel patterns for

the population of the region.



Figure 1 presents the overall framework of CEMSELTI®e base year module of CEMSELTS
is comprised of two components. The first comporemresponds to a series of individual
attributes including educational attainment, stidgatus, school/college location, labor force
participation, employment industry, work locatiameekly work duration, and work flexibility.
The second module corresponds to household letr@bdes of interest including household
income, residential tenure, housing unit type, Bodsehold vehicle fleet characteristics. The
model system may be considered a hierarchical mystesubmodels where the outputs of a
model higher in the hierarchy serve as inputs tbseguent models later in the hierarchy.
Virtually all of the models constitute econometritoice or duration models. The estimates of
all the model components in CEMSELTS and lookupetafor determining education status are

presented in Appendix A.



Individual Level Models

-

Education

\ 4

Student
Status

A

Labor
Participation

A 4

Employment
Industry

A 4

Employment
Location

Work

~

College
Location

A\ 4

School
Location

Household Level

Models

-

/

A\ 4

~

Household
Income

A 4

Residential
Tenure

A

Housing Type

Annual
Mileage

Vehicle Fleet:
Body Type and
Vintage Choice

~

Primary Driver
Allocation

Vehicle Make
Choices

Figure 1. Basic Framework of CEMSELTS
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Within the CEMSELTS model, all individuals undevdiyears of age are assumed to not go to
school (although they may go to child care fa@$tisuch activities are modeled in CEMDAP).
All individuals between 5 and 12 years of age asumed to pursue education using a rule-
based assignment to grades kindergarten througinsbased on age of the child. A rule-based
probability model, constructed using look-up tabt#sschool drop-out rates, is be used to
determine the education level of individuals betwvd& and 18 years of age based on such
attributes as age, gender, and race. Anotherbaded probability model, similarly constructed
using look-up tables of educational achievementisisd within CEMSELTS to determine the

education status of each individual 18 years ofagever.

Following the modeling of educational status, tbka®l and college location of all individuals
who are students are simulated. At this time sforplicity, a simple rule-based school location
model is used for individuals under the age of 18l individuals under the age of 18 are
assumed to go to school to the closest zone (thvdhee zone) with a school. While it is true
that many students attend schools that are notinvitieir neighborhood or assigned school
district, it is difficult to model school locatioohoice in the absence of attributes about the
various schools in the region. If such data wesalable, then a robust school location choice
model could have been estimated. For those 1& ywasge or over, a multinomial logit model
of college location choice is estimated and deploye CEMSELTS. All of the zones with

colleges and universities constitute the choicdmehe college location model.

A binary logit model is used to determine whetherirdividual is participating in the labor
force. This model is estimated and applied forirdlividuals aged 16 years and over. The
employment industry is determined using a classitinomial logit model with the following
six alternatives — construction and manufacturitigde and transportation, professional
business, government, retail, and other. The aréation of all workers is determined using a
multinomial logit model. The universe of zoneghe study region forms the choice set for this



model. Several zonal characteristics including pegpan, fraction of retail employment, fraction
of service employment, level of service variablesluding travel time and travel cost, and
accessibility measures capturing the number of eyegs (in 15 different industry types) that
can be reached within different travel time windofsm any given zone are included as
explanatory variables in the work location mod#l. addition, several interaction variables that
account for observed heterogeneity among indivalydle to demographic attributes, such as

age and gender) are included in the work locatiodehspecification.

Finally, two additional work characteristics — whBelork duration and work flexibility — are
modeled. While weekly time expenditure for workyr#e modeled as a continuous duration
variable, CEMSELTS models weekly work duration gsitnmultinomial logit model with a view

to determine whether an individual works part-tinfall-time, or over-time. The three
alternatives are defined as working less than 3&shper week, between 35 and 45 hours per
week, and over 45 hours per week. Work flexibiigycharacterized as an ordinal variable with
four levels — none, low, medium, and high degrdeifegibility (as specified by respondents to

travel surveys that include such information).
n % ( $ 1 $

CEMSELTS includes a model of household income ftihatudes a host of employment,

employment industry, and demographic variables xqdaaatory factors. A grouped ordered

response model formulation is used for househatdrre. The five categories in the household
income model of CEMSELTS are: less than $10,000ypar, between $10,000 and $35,000 per
year, between $35,000 and $50,000 per year, bet®&@000 and $75,000 per year, and more
than $75,000 per year. Home ownership (whether @wmnent housing unit) is determined using
a binary logit model that includes a series of g@m@onomic and demographic attributes as
explanatory variables in addition to a few accabsiland built environment variables. Separate
multinomial logit models are estimated and appt®dhe two home ownership groups (owners
and renters) to determine housing unit type. Therratives in the multinomial logit model for

households that own their units are single-famayadhed, single-family attached, and mobile



homel/trailer. The alternatives in the model foosd renting their home are single-family

detached, single-family attached, and apartment.

Finally, CEMSELTS includes a series of four modélst collectively simulate the vehicle fleet
composition for each household in the syntheticutettpon. Unlike most models that only
simulate vehicle count, the latest version of CEM®E& is capable of simulating vehicle fleet
composition with each vehicle characterized by btge, vintage, and make and model. In
addition, each vehicle is assigned a primary drik@n the household. This allows one to track
vehicle usage later in the activity-travel simudatiprocess, a critical step towards more
accurately forecasting energy consumption and ti@ese gas emissions in response to

alternative policies aimed at encouraging ownershigh use of fuel efficient and clean vehicles.

We used the residential component of the 2008 @ald Vehicle Survey data collected by the
California Energy Commission (CEC) to estimateuhicle fleet composition and use MDCEV
model. The residential component of the survey twaml components - a revealed preference
(RP) data component and a stated preference ($&)xdmponent. In this analysis, we use the
RP data. The RP data contained information oneflicles currently owned by the household,
including vehicle body type, vintage, vehicle yaagke, annual mileage, and primary driver, in
addition to detailed household and individual ledeinographics. The RP data was collected for
a sample of households representative of the pbpulaf households in the State of California.
In the vehicle fleet composition and allocation mied the total annual household mileage
(including non-motorized mileage) is first deteredhusing a log-linear regression model.
However, the survey data did not collect informatiabout the household’s non-motorized
mileage. So, we estimated the non-motorized miledgeach household using a deterministic
rule that each individual in the household walkdiies for half a mile daily. The total annual
non-motorized mileage for a household is obtaine@®.8*365*(household size). The output of
this model is used as input to the joint Multiples@ete Continuous Extreme Value (MDCEV)-
MNL model of vehicle fleet composition and primadyiver allocation (Bhat and Sen, 2006,
Vyaset al.,2012). This model uses the total mileage as @kfawdget which is allocated across
the fleet of vehicles in the household. The MDCBWYdel formulation explicitly recognizes that



vehicle ownership is characterized by multiple digeness, with households free to choose

multiple vehicle alternatives from among thosehia market place.

At this time, each alternative in the MDCEV modetefined as a combination of body type and
vintage category. Nine body types are used, ngmsaly-compact car, compact car, medium car,
large car, sports car, medium sports utility vehi¢dUV), large SUV, van, and pick-up truck.
Six different vintage categories are used, nantey or less than one year, two to three years,
four to five years, six to nine years, 10 to 12rgeand more than 12 years. The fuel type is not
yet included as a dimension in the vehicle typeiahanodel because of the very few
observations of alternative fuel vehicles in viityall vehicle data sets of travel surveys. As
additional survey data about ownership of alteugafueled vehicles becomes available, the
vehicle fleet composition simulation framework IrERISELTS can be easily expanded to
include consideration of fuel type. In the curreatsion, the total number of alternatives in the
MDCEV model is 55 (54 combinations of body type andtage categories plus one non-
motorized mileage alternative). A multinomial logitodel formulation is used to model the
primary driver of each vehicle owned by the houskhdhe CEC data collected primary driver
information for each vehicle owned by the househdlte number of alternatives in this model
component is equal to the number of licensed dsivethe household. This model component
includes interaction terms that account for obsgtveterogeneity due to demographic attributes

(such as gender, education, employment) that afteetallocation of drivers to vehicles.

After the vehicle type and the primary driver imalated, the make and model of all vehicles in
the fleet is determined. This is done using a imaihial logit model. The choice set for the
multinomial logit model varies by body type andtaige category. There are a total of 759 make
and model alternatives across all of the 54 contiona of body type and vintage categories.
The model specifications include numerous variatilas describe the attributes of each vehicle
make and model. The model is therefore able tludecseveral key vehicle attributes such as
dimensions of the vehicle, horse power, engine agpatype of wheel drive, curb weight,
greenhouse gas rating, annual fuel cost, purchase, mnd vehicle manufacturer indicator

variables.



Currently, all the models in CEMSELTS except foe tuite of four models which model the
vehicle fleet composition and allocate each vehiole primary driver in the household, are
implemented externally for the synthetic populatiming Gauss software. The log-linear vehicle
mileage model, vehicle fleet MDCEV model, vehicleaka MNL model, and primary driver
allocation MNL model are integrated with the adiivibased microsimulation framework
CEMDAP.

")

The Southern California Association of Governmdi@€AG) provided data regarding school
drop-out rates for various ages so that a ruleebpsabability model of being in school could be
constructed for 13 to 18 year old individuals basadage, gender, and race. The agency also
provided data regarding educational attainmenustédr individuals 18 years or age or older.
Much of this data is based on census informatiahiartherefore representative of the trends in
the population. Accessibility indicators which reese the number of employees that can be
reached from any zone within various travel timendaws were constructed using detailed
micro-level land use data provided by SCAG (Chkeal, 2011). Models of work location, work
flexibility, and labor force participation at theengon level, and household income at the
household level, were estimated using the 2000 @essus Regional Household Travel Survey
conducted by the SCAG. Finally, the MDCEV modelvehicle fleet composition and MNL
model for primary driver allocation are estimatesing the residential component of the
California vehicle survey data collected in 2008eTinformation for the vehicle make model is
obtained from the Wards Automotive Year Books ancee® Vehicle Guide of the US
Environmental Protection Agency (Binder, 2010; ERB11). This secondary data is appended
to the vehicle records in the CEC dataset to tatdivehicle make MNL model estimation. In
summary, a suite of models were estimated usingl Isgrvey and land use data so that the
model system was customized to reflect conditiorSauthern California.
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This section presents a detailed discussion ofréselts obtained from the application of

CEMSELTS to model socio-economic characteristicstiod synthetic population for the



Southern California region. In order to validateMEELTS, the predictions from CEMSELTS
were compared against regional socio-economic cterstics as reported in the American
Community Survey (ACS) data of 2003 and the de@rcensus data of 2000. In Table 1,
results from the person-level modules of CEMSELTi® aompared against the census
distributions for these two years. Note that tineusation year for CEMSELTS (and PopGen) is
2003. The model generally predicts characterigifahie population quite well. For children 3
to 17 years old, the model under-predicts the ptapo of individuals in the higher grades and
over-predicts the proportion of young children gpito preschool through third grade. With
regard to educational attainment status for addts, model predicts a larger proportion of
individuals as completing high school, whereasdéresus distributions show higher percentages
of individuals having an education attainment g high school completion. Nevertheless,
the model reflects the general trend reasonably. wé@lhe labor force participation rate is
replicated quite well. The employment distributisnalso reasonably consistent with census
distributions except for construction and manufangiand retail trade where the model under-
predicts the proportions, and the other categomg iee model appears to over-predict the

proportion. Overall, percent differences are nitssantial.

In Table 2, a comparison of the output of the hbaokklevel modules of CEMSELTS against
census distributions shows that the model, witbvadxceptions, is able to replicate distributions
quite well. The vehicle ownership distributionréplicated very well, except for a modest over-
prediction of the proportion of households fallimgo the highest vehicle ownership category of
four or more vehicles. The distribution of houdelsdby number of workers is predicted in a
satisfactory manner, with a slight over-predictairzero-worker households and a slight under-
prediction of households with two or more workerBhe income distribution is also replicated
well, although there is an under-prediction of fhercent of households in the highest two
income brackets and an over-prediction of the p#rcé households in the second income
bracket. Home ownership and housing unit typeribistions are matched very well; however,
the housing unit type for renters shows considerdidcrepancy. Additional work is warranted
in the estimation and calibration of a renter hogsunit type model. Whereas CEMSELTS
predicts that renters are equally split betweerglsirunits (attached and detached) and



apartments, the census data suggests that neadg tfuarters of renters are residing in

apartments.

Table 3 offers a detailed look at census journeytok flow distributions in comparison to

CEMSELTS predictions of work flows. These workvit® are based on the work locations
simulated by CEMSELTS for all workers in the syrihg@opulation. For each origin county in

the Southern California model region, the tablewshdhe percent of workers whose work
location is within the origin county versus the get of workers whose work location is outside
the origin (home) county. About 85 percent of wasskhave a work location within the origin

(home) county according to the census (American @omty Survey data of 2003) and

CEMSELTS replicates this number almost perfectligven when one examines individual
counties, CEMSELTS does an excellent job of rephgajourney to work patterns. Note that,
consistent with expectations, just over 50 percérdll workers live and work in Los Angeles

County — a statistic that is replicated by CEMSELTS

Table 4 shows the journey to work flow distributsohy county pair for the year 2000 (such
information is available only in the decennial Qengear of 2000) and compares the flow
distributions against predictions provided by CEMSE. It is once again seen that the model is
able to predict county to county work flow pattemesnarkably well. The differences between
the predicted distributions and the observed cedgigbutions are very small for virtually all

cells in the table. Overall, it appears that CEM$ELs able to simulate socio-economic and
work flow characteristics for the synthetic popidatsuch that the resulting synthetic population

is representative of the true population in theaeg



Table 1. CEMSELTS 2003 Individual Level Modules — @mparison with ACS 2003 and Census 2000

Values in Percent

Values in Percent

N _ _ ACS 2003 CEMS_ELTS Difference in Census CEMS_ELTS Difference in
Individual Socio-demographics Predicted Percentage 2000 Predicted Percentage
Enrollment of Children (3 to 17 years)

Preschool - Grade 3 37.07 44.59 7.52 41.17 44.59 42 3.

Grade 4 - Grade 8 41.64 42.16 0.52 38.76 42.16 3.40

Grade 9 - Grade 11 21.29 13.25 -8.04 20.07 13.25 .82-6
Educational Attainment (Adults)

Less than Grade 9 11.58 2.23 -9.35 13.14 2.23 110.9

Grade 9 - Grade 12 (no diploma) 12.05 8.28 -3.78 14 8.28 -6.44

Completed High School 45.70 58.48 12.78 44.00 58.48 14.48

Associate or Bachelors 22.55 22.95 0.41 20.77 22.95 2.18

Graduate Degree (Masters or Ph.D) 8.1p 8.06 -0.06 37 7 8.06 0.69
Labor Participation

Employed 59.47 59.07 -0.40 56.81 59.07 2.26

Unemployed 40.53 40.93 0.40 43.19 40.93 -2.26
Employment Industry

Construction and Manufacturing 19.92 14.46 -5.46 .620 14.46 -6.21

Trade and Transportation 4,94 7.32 2.38 4.86 7.32 46 2

Personal, Professional and Financial 50.63 49.42 21-1 49.34 49.42 0.08

Public and Military 3.94 5.07 1.13 4.04 5.07 1.03

Retail Trade 15.29 10.77 -4.51 15.60 10.77 -4.83

Other 5.28 12.96 7.68 5.49 12.96 7.47




Table 2. CEMSELTS 2003 Household Level Modules — @aparison with ACS 2003 Data and Census 2000

Values in Percent

Values in Percent

ACS 2003 CEMS'ELTS Difference in Census CEMS'ELTS Difference in

Household Socio-demographics Predicted Percentage 2000 Predicted | Percentage
Number of Vehicles

Households with no vehicles 8.29 7.27 -1.02 10.07 277 -2.79

Households with 1 vehicle 33.34 31.32 -2.02 34.85 1.33 -3.55

Households with 2 vehicles 37.48 34.71 -2.77 37.16 34.72 -2.44

Households with 3 vehicles 14.10 15.17 1.07 12.59 511 2.59

Households with 4 or more vehiclés 6.79 11.52 4.74 5.33 11.52 6.19
Number of Workers

Households with no workers 12.21 16.84 4.63 11.31 6.84 5.53

Households with 1 worker 34.23 36.80 2.58 32.98 8@36. 3.82

Households with 2 or more worke 53.57 46.36 -7.21 55.71 46.36 -9.35
Household Income

$0- $9999 8.08 8.09 0.01 8.98 8.09 -0.89

$10,000-$34,999 28.85 40.45 11.60 29.56 40.45 10.89

$35,000-$49,999 15.05 14.47 -0.58 15.24 14.48 -0.76

$50,000-$74,999 18.53 13.58 -4.95 18.89 13.58 -5.31

$75,000 and more 29.49 23.40 -6.09 27.32 23.40 3-3.9
Household Tenure

Owner 55.74 61.05 5.30 54.78 61.03 6.25

Renter 44.26 38.95 -5.30 45.22 38.97 -6.25
Household Type for Owners

Single Unit (Attached/Detached) 88.15 93.42 5.27 784 61.05 6.27

Other 11.85 6.58 -5.27 45.22 38.95 -6.27
Household Type for Renters

Single Unit (Attached/Detached) 27.87 50.49 22.62 8.33 93.42 5.10

Apartment 72.13 49.51 -22.62 11.68 6.58 -5.10




Table 3. CEMSELTS Work Flow Distribution (in Percentage) by Destination — Comparison with the ACS 200Bata

Within Origin County Outside Origin County Total
Origin county AC(?A)Z)OO3 CZE%?’E((I,‘A)T)S Difference AC(?A)Z)OO3 CZE%?’E((I,‘A)T)S Difference AC(?A)Z)OO3 CZE%?’E((I,‘A)T)S Difference
Los Angeles 52.79 52.63 -0.16 3.86 5.29 1.43 56.65 57.92 1.26
Orange 15.61 14.28 -1.32 3.11 3.45 0.35 18.711 17.74 -0.98
Riverside 6.57 7.65 1.09 3.19 1.85 -1.35 9.76 9.50 -0.26
San Bernarding  6.88 7.58 0.70 3.18 2.60 -0.58 10.06 10.18 0.1
Ventura 3.73 3.67 -0.06 1.09 1.00 -0.09 4.82 4.67 0.15
Total 85.57 85.81 0.24 14.43 14.19 -0.24 100.0p .amO 100.00

Table 4. CEMSELTS Work Flow Distribution (in Percent) by Destination County — Comparison with the Cengs 2000 Data

Destination County
Imperial Los Angeles Orange Riverside San Bernardin Ventura Total
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Imperial 0.60 | 0.76 0.00] 0.0¢ 0.00 000 0.01 0p2.000( 0.00 0.00 0.00 0.61L 0.18
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3. Modified CEMDAP

In this chapter, we discuss the econometric modealystem and the microsimulation framework
within the latest version of CEMDAP implemented the Southern California region. This

modified version includes several enhancementsd@éarlier version of CEMDAP implemented
for the DFW region. Firstly, the latest versionGEMDAP has a household-level activity pattern
generation model that at once predicts, for a gipmeekday, the independent and joint activity
participation decisions of all individuals (adulisd children) in a household, for all types of
households, for all combinations of individualstm#pating in joint activity participations, and

for all disaggregate-level activity purposes. Seltpnthe scheduling framework is modified

significantly to accommodate the joint activity pepation decisions predicted by the household
level joint activity participation model. Thirdlyg suite of four models which together predict
household vehicle fleet characteristics and allcaach vehicle to a primary driver are
integrated with the activity-based microsimulatidramework. Furthermore, we use this
information later during the scheduling to assigwehicle to every vehicular tour made during
the day. Lastly, all the models in the new modelframework (nearly 50 models) are re-

estimated using travel survey data specific tocSbethern California region.

The reader will note here that the design and techire of CEMDAP is generic. In particular,
CEMDAP can be applied to any metropolitan aredpag as local area models are estimated to
produce the appropriate sensitivity parametersredtly, we have estimated all the CEMDAP
models using the Southern California data and #selting specifications and parameters are

embedded in CEMDAP as default specifications amdmaters.

The remainder of this chapter is organized as ¥igdloSection 3.1 describes the representation
frameworks used to characterize the complete agtiravel patterns of individuals. Specifically,
this section identifies all the choice elementd #dra predicted within CEMDAP to construct the
activity-travel patterns of all household membearsluding both adults and children. Section 3.2
focuses on the econometric modeling system usediidr activity-travel prediction. Section 3.3

describes the data used in the empirical modetestins. Section 3.4 presents, in detail, the



microsimulation procedure implemented within CEMDAS#ction 3.5 discusses the spatial and
temporal consistency checks implemented within CA0 ensure that the simulation process

does not result in unreasonable or impossible igctravel patterns.
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We retained the same representation framework useithe earlier version of CEMDAP.
However, we present the discussion of these framewagain in this document so that the
report would serve as a stand-alone guide to amy users of CEMDAP in the future. These
representation frameworks identify the completeo$etttributes that are required to characterize
an individual's daily activity-travel pattern. Tr@mulation of an individual's activity-travel
pattern then entails computing a predicted value elach of these attributes based on the

underlying econometric models.

Broadly, the activity-travel pattern of an indivalus defined as the sequence of activities and
travel pursued during a day. Among all the différantivities that an individual undertakes
during the day, the work and school activities arglertaken under the greatest space-time
constraints for most individuals. Also, particifatiin these activities significantly influences an
individual’'s participation in all other activitiesluring the day. Consequently, separate
representations have been developed to characteezgaily activity-travel patterns of workers,
students, non-workers, and non-students. The waiked students include adults (persons aged
16 years or older) who go to work or school anddcbn (persons aged 15 years or younger)
who go to school. The non-workers and non-studemisthe other hand, include adults who
neither go to work nor attend school during the, @sywell as children who do not go to school
during the day. For presentation ease, in the mheaiof this section, we will use the term
“workers” to represent workers and students andtémm “non-workers” to represent non-
workers and non-students. Similarly, the term “Woskll be used generically to refer to either

work or school as appropriate.



The representation frameworks for workers and norkers are discussed in Sections 3.1.1 and
3.1.2, respectively. In both frameworks, the st#rithe day is defined as 3:00 a.m. and all

individuals are assumed to be at home at this time.
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The daily pattern of workers is characterized byrfdifferent sub-patterns: (1) before-work
pattern, which represents the activity-travel utelean before leaving home to work; (2)
commute pattern, which represents the activitydrgwirsued during the home-to-work and
work-to-home commutes; (3) work-based pattern, twhiocludes all activity and travel
undertaken from work; and (4) after-work patterrjiclh comprises the activity and travel
behavior of individuals after arriving home at thied of the work-to-home commute. Within
each of the before-work, work-based, and after-wmakerns, there might be several tours. A
tour is a circuit that begins and ends at homeHerbefore-work and after-work patterns and is a
circuit that begins and ends at work for the woalsdd pattern. Each of the tours, the home-to-
work commute, and the work-to-home commute mayuthelseveral activity stops. An activity
stop is characterized by the type of activity utaleen, in addition to spatial and temporal
attributes. Figure 3-1 provides a diagrammatic esentation of the worker activity-travel

pattern.
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Figure 3-1 A Representation of the Activity-TraRatterns of Workers

The characterization of the complete workday agtitiavel pattern is accomplished by
identifying a number of different attributes. Tpemary attributes that characterize the pattern
of a worker are the start and end times of the vamtkvity. The remaining attributes may be
classified based on the level of representatiohttiey are associated with; that is, whether they
are associated with a pattern, a tour, or a fagtern-level attributes include the travel mode,
number of stops, and the duration for each of thekwwo-home and home-to-work commutes, as
well as the number of tours that the worker undedaduring each of the before-work, work-
based, and after-work period§our-level attributes include travel mode, number of stops,
home-stay duration (or work-stay duration, in tlasec of the work-based tour) before the tour,
and the sequence number of the tour within the rbefmrk, work-based, and after-work
periods.Stop-level attributes include activity type pursued, whether the acyinat the stop is
done alone or with other household members (anld witich household members), duration of

the activity stop, travel time to stop, whether thavel to the stop is undertaken alone or with



other household members (and with which househ@uhbers), stop location, and the sequence

of the stop in a tour or commute.

The representation described above is generic ande used to describe any worker activity-
travel pattern (i.e., any number of stops sequenotm any number of tours). Considering
practical implementation constraints, certain retms are imposed on the maximum number of
tours and the maximum number of stops in any tourthe development of CEMDAP.
Specifically, in the case of adults who go to workschool, CEMDAP is designed to handle up
to three tours during each of the before-work, wioaked, and after-work periods and up to five
stops during_any tour or commute. In the case dioakgoing children, CEMDAP
accommodates non-school activity participation bfidten only during the school-to-home
commute and the after-school period. Further, @ngmngle tour with one stop is supported for

the after-school period.
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In the case of non-workers, the activity-travelt@at is considered as a set of out-of-home
activity episodes (stops) of different types inpersed with in-home activity stays. The chain of
stops between two in-home activity episodes isrrefeto as a tour. The pattern is represented

diagrammatically in Figure 3-2.



Figure 3-2 A Representation of the Activity-Traatterns of Non-Workers

A non-worker’s daily activity-travel pattern is alaaterized by several attributes, which can
again be classified into pattern-, tour-, and sey@l attributes. The onlyattern-level attribute

is the total number of tours that the person dectdeundertake during the day. Ttoair-level
attributes are the travel mode, the number of stops in the tbe home-stay duration before the
tour, and the sequence of the tour in the &gp-level attributesinclude activity type, whether
the activity at the stop is done alone or with otheusehold members (and with which
household members), duration of the activity, trawee to stop, whether the travel to the stop is
undertaken alone or with other household membens (@ith which household members),

location, and the sequence of the stop in a toeobommute.

The representation described above is generic andbe used to describe any non-worker
activity-travel pattern (i.e any number of stops sequenced into any numbetoofs).
Considering practical implementation constraintsrtain restrictions are imposed on the
maximum number of tours and the maximum number topss in any tour. Specifically,

CEMDARP is designed to handle up to a total of fimurs and up to five stops during each tour.
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This section identifies all the model componentat tbonstitute the overall modeling system
implemented within CEMDAP. Each model corresporadthe determination of one or more of
the attributes characterizing the activity-travattprn of a worker or a non-worker. Together, the
set of all models identified in this section, omstimated, can be used in a systematic predictive
fashion to completely characterize the activityslapatterns of all individuals in a household.
(The systematic prediction procedure is describeSection 3.4.)

The overall modeling system is broadly subdividetb ithe following five categories: (1) the
generation-allocation model system (Table 3.1) tif{2)worker scheduling model system (Table
3.2), (3) the non-worker scheduling model systerab(@ 3.3), (4) the joint tour scheduling
model system (Table 3.4), and (5) the children dalweg model system (Table 3.5). The precise
econometric structure and the choice alternatieesefich of the model components are also
identified in Tables 3.1 through 3.5. Further, aque identifier is associated with each model.
(For example, “GAl” identifies the first model withthe “generation-allocation” category,
which is the decision of a child to go to schodlg facilitate easy cross-referencing, these
identifiers have also been included in the figypessented in Section 3.4 (which describe the
prediction procedure), as well as in Appendix B éwhthe estimation results for each model
component are presented). The reader will also tizae not all models in the tables are
applicable to all households and individuals, asigeuss further in Section 3.4.

It can be observed from Tables 3.1 through 3.5 titeconometric structure for each choice
dimension being modeled in CEMDAP falls under orfetlee eight econometric model
categories: Multiple Discrete Continuous Extremdéuég MDCEYV), fractional split, binary logit,

multinomial logit, hazard-duration, regression,emall probit, and spatial location choice.



Table 3.1 The Generation-Allocation Model System
General Notes: A child is an individual whose &gless than 16 years. An adult is an individuhbge age is 16 years or more. In the CEMDAP arcthite,
all individuals in the population have to be cléissliinto one of the following three categories; $ludent, (2) worker, and (3) non-student, nonkeaor
CEMDAP, in its current form, does not accept thiegary of “student and worker.”

M(l)(;jel Model Name Econometric Structure Choice Alternative Comments

GA1L Child’s decision to go to Binary logit Yes, No

school

Applicable only to children who are students. The

GA2 Child’s school start time H d-durati Conti i determination of whether or not a child is a studet

(time from 3 a.m.) azard-duration ontinuous time made in the CEMSELTS module (see Chapter 7).
GA3 Child’s school end_ time (time Hazard-duration Continuous time

from school start time)
GA4 Decision to go to work Binary logit Yes, No Applicable only to individuals above the age of 15

and who are workers. The determination of whether
or not an individual is a worker is made in the
: . L o CEMSELTS module.

GA5 Work start and end times MNL 528 discrete tpeeiod combinationd .
GA6 Adult’s decision to go to Binary logit Yes, No

school

Adult’s school start time . . . Applicable only to adults who are students, as
GAT (time from 3 a.m.) Regression Continuous time determined in CEMSELTS
GA8 Adult's school end_ time (time Regression Continuous time

from school start time)

. Driven by parent, Driven by other,
GA9 Child’s travel mode to schoo] MNL School bus, Walk/bike
Applicable only to children who go to school

Child’s travel mode from Driven by parent, Driven by other,

GALO school MNL School bus, Walk/bike




Table 3.2 The Generation-Allocation Model System @ntinued)

Allocation of drop off episodd

th

GAll Binary logit Father, Mother
to parent
Applicable only to non-single parent household wi
I _ ¢ bick sod children who go to school
GAl12 Allocation of pick up episode Binary logit Father, Mother
to parent
Determination households ) )
GA13 with non-zero OH duration | Binary logit Non-zero OH HH or not
Determination of total out-of . - . i
GAl4 home fime of & household | Fractional split Model {ir:nréome time, out-home time, travel
Independent and Joint
Activity participation for o
GA15 households of size less than| MDCEV 9 Activity purposes
or equal to five
Independent Activity
GA16 participation for households | MDCEV 9 Activity purposes
of size more than five
Decision of an adult to
GAl7 undertake other serve- Binary logit Yes, No

passenger activities




Table 3.3 The Worker Scheduling Model System

Mlcgjel Model Name Econometric Structufe Choice Alternative
WSCH1 Commute mode MNL Solo driver, Driver withspanger,
WSCH2 Number of before-work tours Ordered probit or@

WSCH3 Number of work-based tours Ordered probit 16r2

WSCH4 Number of after-work tours Ordered probit 1@r 2

WSCH5 Before-work tour mode MNL Solo driver, Dniweith passenger,

WSCH6 Work-based tour mode MNL Solo driver, Drivath passenger,

WSCH7 After-work tour mode MNL Solo driver, Driveiith passenger,

WSCHS8 Number of stops in a tour Ordered probit 3L or 5

WSCH9 Home or work stay duration before the toir egiession Continuous time

WSCH10 Activity type at a stop MNL 10 Activity purposes

WSCH11 Activity duration at stop Regression Continuousgtim

WSCH12 Travel time to a stop Regression Continuous time

WSCH13 Location of a stop Spatial L_ocatlon Choice alternatives _based on estimatsg
Choice travel time

d




Table 3.4 The Non-Worker Scheduling Model System

Model ID |[Model Name SECI onol metri Choice Alternatives
NWSCHI1 [Number of independent tot Ordered probit 1,2,3,0r4
- |Decision to undertake an independent . .
NWSCH: before the pick-up or joint discretionary tﬁjpary logit Yes, No
. |Decision to undertake an independent tquy: :
NWSCH: the pickup or joint discretionary to %rmary logit Yes, No
Solo driver, Driver witl
NWSCH¢ |Tour mode MNL passenger, Passenger,
Walk/bike
NWSCHE  [Number of stops in a to Ordered probit 1,2,34,0r5
Number of stops following a pi-up/dropof .
NWSCHE¢ stop in a tour brdered probit Oorl
NWSCH7 [Home stay duration before a tour Regression Continuous time
NWSCHE |Activity type at stop MNL 10 Activity purposes
NWSCH¢S |Activity duration at stop Regression Continuous time
NWSCHI1( |Travel time to stop Regression Continuous time
NWSCH1! |Stop location Spatial Locatio [Choice alternative

Choice

based on estimated travel fime




Table 3.5 The Joint Discretionary Tour Scheduling Mdel System

Model ID Model Name Econometric Choice Alternative
Structure
JASHCH1 Decision of Joint or Separate Trave Byrfarobit Yes or No
JASHCH2 Joint Activity Start time Regression Caotbus
JASHCH3 Joint Activity travel time to stop Regriess Continuous
JASHCH4 Joint Activity location Spatcl:arll(l)_ic;gatlon Predetermined subset of the 4,109 zopes
JASHCH5 | Vehicle Used For Joint Home-Based Tour MDCEV Vehicle types \E’iifaegeon body type anfl




Table 3.6 The Children Scheduling Model System

Choice Alternativg

S

Econometri
Model ID [Model Name Struct
CSCH1 |School to home commute tii Regression
CSCH2 |Home to school commute time Regression
CSCH3 |Mode for independent discretionary tour Binary logit
CSCH4 D_epartyre time from home for independent Regression

discretionary tour (time from 3 a.m.)

CSCHS5  |Activity duration at independent discretionary sfop Regression
CSCH6 |Travel time to independent discretionary stop Regression
CSCH7 |Location of independent discretionary stop Spatial Location

Choice

Continuous time

Continuous time

Drive by othetr
Walk/bike

Continuous time

Continuous time
Continuous time

Predetermined sub:
of the 4,109 zones
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This section discusses the data used for the dstimaf all the model components identified in

Section 3.2. Only the sources of the data are dgsrliin this report.

") %&
3.3.1.1 Primary Data Source
The data for our analysis is drawn from the 2008tR@ensus Regional Household Travel

Survey conducted by the South California Assocmtid Governments (SCAG), which is the
metropolitan planning organization (MPO) of the-sounty Los Angeles region of California.
Households were selected randomly across the stediwpn and contacted to solicit their
participation in the survey (see NuStats, 2003ore details on the survey administration and
sampling procedures). Personalized travel diare®wnailed to participant households seven to
10 days prior to the assigned travel survey weekdayd in households’ travel record-keeping.
The travel information was subsequently retrieveanf the households within one week of the
assigned travel survey weekday. In addition todravformation (including the details of every
trip that each person in the household made), threeg collected household demographic
information (such as household size, number ofclegiin the household, housing tenure type,
and annual household income), individual demog@phiormation for all members in the
household (including age, gender, ethnicity, edanat attainment, employment status, and
student status), and vehicle fleet information I(iding body type, fuel type, age, make, year

acquired, and primary driver).

3.3.1.2 Secondary Data Sources & Construction akasibility Measures

In addition to the 2000 SCAG survey data set, sgdvether secondary data sets were used to
obtain residential neighborhood accessibility measuthat may influence household-level
activity participation behavior. All these variablevere computed at the level of the residential
traffic analysis zone (TAZ) of each household andstdered in our model specifications. The
secondary data sources included geo-coded bloakpgand block data within the SCAG region
obtained from Census website, SCAG roadway andsitraretwork skims from SCAG, the
employment data from the Census Transportation nitignPackage (CTPP) and Dun &
Bradstreet (D&B), and the 2000 Public-Use Microdaganples (PUMS) from Census 2000 and

the marginal distributions (population and housdtsaimmary tables) from SCAG.



Two types of accessibility measures were constduttiebe used in the model estimations. The
first set of accessibility measures are opportubéged indicators which measure the number of
activity opportunities by twelve different industiypes that can be reached within 50 minutes of
Generalized Cost (G&jrom the home zone during the morning peak pef@n to 9am). The
reader is referred to Chest al, 2011 for details. The second set of accessihifitlicators
correspond to Hansen type measures (Bhat and ®0a@),2vhich take the following form:

1 N SizeMeasur¢

, wherei is the index for zone/ is the index for the time period,
N ., Impedance;

Acq’t~ =

and N is the total number of zones in the study regifmur(time periods were used in our
analysis: AM peak (6:30 am-9 am), midday (9 am-4,@@M peak (4 pm-6:30 pm), and evening

(6:30 pm-6:30am))lmpedanqjg is the composite impedance measure of travel lstwenes

andj at time periodtN and is obtained asmpedangg =IVTT : +/Cosf;, whereIVTT, ; and

ij .t
Cosj ; are the auto travel time (in minutes) and auteetraost (in cents), respectively, between

zonesi andj in time periodt , and/ is the inverse of the money value of travel tivi&e used

/ =0.0992in the current study, which corresponds to ab@&@up& hour of implied money value
of travel time. For the zonal size measure in theessibility formulation, we considered four
variables -- retail employment, retail and seneogployment, total employment, and population.
Finally, the time period-specific accessibility maes computed as discussed above were
weighted by the durations of each time period, armdmposite daily accessibility measure (for
each size measure) was computed for each traffdysis zone, and appended to sample

households based on the residence TAZs of housshold

" - / )
The original raw survey data provide over 130,474 ecords for 40,376 persons from 16,939

households. After preliminary consistency checlesacheeded for estimation of different models
listed in Section 3.2 is isolated from the entieemple. For each of the models, if critical
information (such as age, employment status, wocktion, and school location) was missing,

then such records were removed from further amalysi

! The GC expression was obtained from the commutiersboice model (see Table B.31 in Appendix B).



The survey data obtained point information or cdb®eoss-street intersection information for all
locations (home locations, work locations, andadiier activity locations) of each trip end of
each individual in the survey. This was transldigdSCAG to spatial coordinates, and served as
the basis to determine joint activity participatiaecisions among household members.
Specifically, the trip end information was convert® activity episode information, and each
activity episode was assigned as an independesbagior a joint episode based on examining
the reported activity locations of all householdmmbers. If the reported locations of activity
episodes were the same across two or more housefaibers, and the time of day of the
episode start was reported within a “buffer-windoo¥”"ten minutes, the corresponding episode
was designated as a joint activity episode invgvihe appropriate household members. The
activity purpose of the episode was then determihedome cases, one or more participating
members reported the activity purpose of partiogpass “accompanying another individual”. In
such cases, the activity purpose of the partigigatidividual who reported a purpose other than
“accompanying another individual” was designatedthes joint activity purpose. Finally, the
durations of episodes were aggregated by purpodeparticipating individuals to obtain the
weekday durations, and served as the dependerdblesi of the household level MDCEV
model. Several attributes of the activity-traveltgans (such as the commutes, the tours, and the
identification of the tours to which each trip astdp belongs) that are not directly reported in

the surveys were derived from the overall sequehtep records for each person.

The trip records of the persons in households witlamy missing information were processed to
generate a trip file. In this trip file, each rega@orresponds to a trip that is characterized by th
start and end times, the start and end locatibesadtivity types at the origin and the destination
and the travel mode. These characteristics of #grhre used to identify the trips that belonged

to the same tour and then merge these recordsdieglyrto form the tour file.
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This section describes the microsimulation procedimplemented within CEMDAP for
predicting the complete activity-travel patternsatifindividuals in a household. This procedure
is repeatedly applied to each household in thetispuothetic population to completely determine



the activity-travel patterns of all individuals the study area. The overall prediction procedure
(for a household) can be subdivided into two magmuential steps: (1) the prediction of activity
generation and allocation decisions and (2) théiptien of activity scheduling decisions. The
first step predicts the decisions of household mamto pursue various activities such as work,
school, shopping- both independently and jointlyimtyi the day. This step is described in detail
in Section 3.4.1. The second step predicts theesempg of these activities, accommodating the
space-time constraints imposed by work, school, gt activities with other household
members. This step is described in detail in Se@id.2.
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In the latest version of CEMDAP the emphasis isdeneloping an effective mechanism for
micro-simulating activity participation. In the &ar version of CEMDAP, (1) adult work
activity (Home-Work and Work-Home commute as wallveork start and end times), and (2)
child travel needs (pick-up, drop-off) are treat@sl two essential elements of the activity
modeling framework i.e. these activities are acedrdhe highest priority. Accordingly, we
schedule the work activity and child travel respbifises in the schedules of individuals.
Subsequently, based on the remaining available Ww@e@ccommodate adult and child activity
participation. As mentioned earlier, the objectfehe current enhanced version of CEMDAP is
to effectively accommodate joint activity particijwsn. Towards this end, we have substantially
altered the existing framework. Specifically, waled “Joint Activity Participation” as the third
element (in addition to adult work activity and Idhiravel needs) of the activity modeling
framework. In the enhanced version, we model dgtparticipation of all household members
in a single framework allowing us to incorporatatbmdividual and joint activity participation

among household members simultaneously.

To do this, we employ the recently developed MidtiPiscrete Continuous Extreme Value

(MDCEV) model. In the MDCEV model, the choice aftatives are characterized as all possible
combinations of household members for each actpitspose. For example, if there are three
members in the household, the alternatives incl(ePerson 1, (2) Person 2, (3) Person 3, (4)
Persons 1 and 2, (5) Persons 1 and 3, (6) Persand 2, (7) Persons 1, 2 and 3. Clearly, as the

number of number of household members increasesutmer of combinations also increases



(2"M-1 where M is the household size ). However, sitiee usual number of members is
between 2 and 3 the number of combinations stitiaies reasonable. The total number of
alternatives in the MDCEV model is given by numloérhousehold members combinations
multiplied by the number of activity purposes. Ahematic of the framework is provided in
Figure 3.1. The incorporation of the enhancedvagtparticipation module within the micro-

simulation framework leads to substantial changeké framework.

The prediction of activity generation and allocatidecisions comprises the following three
sequential steps: (1) the generation of work ambaicactivity participation, (2) the generation
of children’s travel needs and allocation of esa@m$ponsibilities to parents, and (3) the
generation of independent and joint activities gersonal and household needs. Each of these

steps is discussed in further detail below.



For each activity purpose

Alone

Two

All Adults

Overall choice proceg$or

N activity purposes)

For household with M members

MC]_

MC2

MCM

Alternatives for Activity Purpose = -
1

Total Choice Alternatives = (2-1)(N)

Figure 3.1 lllustration of MDCEV Framework



3.4.1.1 Generation of work and school activity papation

Decisions regarding work and school activities predicted as the first activity generation
decisions because these are pursued with signifieggularity and also impose constraints on
participation in all other activities during theyd& his prediction step is presented schematically
in Error! Reference source not found.2. For each child in the household who is a stydéme
decision to go to school and the timinge( start and end times) are first determined (nlo&t t
the model numbers in the figure for each comporwmtespond to the numbering scheme
employed in Table 3.1). Next, the decision of emptbadults to go to work during the day and
the timing of the work activity are determined. $aalecisions of the adults may be influenced
by the need to take care of non—school-going arildat home during the day, which is the
reason for modeling work participation decisionbsmquent to the decisions of children to go to
school. The locations of the school and work arelefed and predetermined in the CEMSELTS
module discussed in Chapter 2. Then, the schoticfmation and timing decisions of each adult
who is a student are determined. (Adults are exagdy classified into one of the following
three categories: employed, student, or unemplogedétudent.) Adults who decide to
undertake either work or school activities durihg tday are classified as “workers” and the
other adults are classified as “non-workers.” Fa test of the prediction procedure, the term
“work” will be used to refer to either a work orrsml activity of an adult as appropriate.
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Figure 3.2 Generation of Work and School Activigytigipation



3.4.1.2 Generation of children’s travel needs afidcation of escort responsibilities to parents
The second major step in the prediction of the geimn-allocation decisions involves the
children’s travel needs(ror! Reference source not found). In this step, the children’s travel mode
to and from school are first determined. The trawede can be one of these: drive by parent,
drive by other, school bus, and walk/bike. Fordatah driven to and from school by a parent, the
escort responsibilities have to be allocated to plaeents. For children in single-parent
households, this allocation is trivial as thereigy one parent. For children in nuclear family
households (i.e., a male-female couple with chiljireeach of the pick-up and drop-off
responsibilities is allocated to either the motberthe father. The reader will note that the
framework assumes that there is at most one episade of pick-up and drop-off activities.
(However, multiple children may be picked up orpmped off in a single episode.) Also, the
interdependencies between children and parents nate explicitly captured in complex
households (i.e., households other than those @fsthgle-parent or nuclear-family types).
Nonetheless, because single-parent and nuclealyfareithe most common types of households
with children, we believe that this is not a sesidimitation. If any escort responsibility is
allocated to a worker, then the work start and &mes of this person are suitably updated to
ensure feasibility of the escort activity. (Basedempirical analysis of the travel survey data, we
assume that escort activities undertaken by workerpursued during the commute.)



For each child going to school

Mode to schoc
(model GA9)

v

Mode from schoc
(model GA10)

Nuclea -family household Single-parent household
v
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(model GA11) single parent

v

Allocation of the pick up episod
(if any) to one of the parer
(model GA12)

v
Adjust the work start time ( = school start timé&avel time rom schoc
to work ) if the drop-off episode is allocated to a wor

Adjust the work end time (= school end ti - travel time from work t
school) if the pick up episode is allocated to a wot

Figure 3.3 Generation and Allocation of Escort Rasgbilities

3.4.1.3 Generation of independent activities farspaal and household needs

The third step in the prediction of activity gertera and allocation involves decisions about
independent and joint activity participation (FigdB8 As mentioned earlier, we used the
MDCEYV framework to model all joint and independextivity participation decisions in the

household simultaneously. All possible combinatiaofs participating people and activity

purposes form the alternative in the choice sethef MDCEV model. We do not, however,

include the household-level activity alternativattltorresponds to all individuals staying at
home for the entire day as an alternative in theQ#M model. This is because the duration for
this alternative can be as high as 14@pwhereQ is the number of individuals in the household.
This very large duration for a single alternatieads to difficulties when estimating the non-

linear utility functions in the MDCEV model. Thusg only consider those households that have



a non-zero out-of-home (OH) work participation tinme the MDCEV model. This way of
inclusion of households implies that each housemolst choose at least one alternative for
participation in the MDCEV model from all the altetives (of course, this does not preclude the
possibility that specific individuals in the houséhwill have no OH activity during the day; for
instance, if all the alternatives involving indiva q (g = 1, 2, ...,Q) have no time allocation, it

implies that individua stays at home the entire day).

In the latest version of CEMDAP, we use a disagateqctivity purpose classification as
follows: (1) shopping (grocery shopping, clothe®gbing, and window shopping), (2) non-
shopping maintenance (ATM and other banking, pwiciga gas, quick stop for
coffee/newspaper, visiting post office, paying filand medical/doctor visits), which we will
refer to simply as “maintenance” in the rest ofstineport, (3) social (community meetings,
political/civic event, public hearing, occasionalwnteer work, church, temple and religious
meeting), (4) entertainment (watching sports, gamghe movies/opera, going dancing, and
visiting a bar), (5) visiting friends and familyg)(active recreation (going to the gym, playing
sports, biking, walking, and camping), (7) eat-d8), work-related, and (9) other (includes an
“other” category as presented to respondents irstineey, as well as child-care and school-care
activities). This classification is based on thewity purpose taxonomy used in the 2000 SCAG
survey used for the current analysis. Note thatet&n a “work-related” purpose as a non-work
activity as opposed to a mandatory work activityd @redict the work-related time allocation of
each individual in the household if the individual employed. In this regard, work-related
activity is considered as a “non-work” activity GEMDAP. Additionally, there is an additional
activity purpose- “serve passenger” in CEMDAP. T&hese pick-up or drop-off activities
pursued by adults other than the trips for escgrdhildren to and from school. The person(s)
being served in this case may be either househeltbars or non-members. The participation
durations in this activity purpose are very low gared to other activity purposes. This very
small duration for a single alternative leads tificlilties when estimating the non-linear utility
functions in the MDCEV model. So, we model partatipn decisions in this activity purpose for
each adult using a separate binary logit model esyeent to the modeling of all other
participation decisions using the MDCEV model.



Of the nine purposes (after excluding the “othewesepassenger” activity purpose), no joint
participation was observed for work-related acjigliased on survey data). Thus, we allow joint
activity participation in eight purposes, and omgependent participation in the work-related
purpose category. Also, we found that in the surdata, there are not many joint activities
involving adults making pick-up during the day. Bhuwe do not allow joint activity
participation in any of the activity purposes inah a person making pick-up during the day.
The number of individuals in the household in thevey data varied from one to nine
individuals. However, households of size five ossleconstituted well over 97% of all
households. For these households, the maximum nuaihaternatives is 253 (= {21)*8+5)
(Please refer to Figure 3.1 for this calculatiof)e maximum number of alternatives increases
significantly for households of size greater tharBhce these households do not form a major
fraction of the overall population, we do not allgmint activity participation in these households
in the current version of CEMDAP. However, we stiflodel all independent activity
participation decisions in households of size gre#itan 5 in nine activity purposes (excluding
other serve passenger activity purpose) using an®dioCEV model. The maximum number of
alternatives in this second MDCEV model is 81 (90*

The MDCEV model, however, needs a budget vadlueorresponding to the total time available
for OH non-work activity participation. To obtaihi$, we first remove the work duration of each
individual g (q = 1, 2, ...,Q) in the household from the total duration in a dayobtain the
available non-work time (in minutes) as followWSWTIME, =1440- WTIME, (in minutes).

Next, the total non-work time at the household levemay be computed as
Q

HNWTIME = NWTIME,. However, HNWTIME includes travel times to OH activities as
q=1

well as the in-home times (including sleep timek)ndividuals. So, we need to remove these

times fromHNWTIME (note that travel times are determined only lateghe scheduling phase,

and are not available at the activity generatioasgh. We proceed by using a fractional split

model for each household to spIiNWTIME into at-home time, travel time, and out-of-home

non-work activity time 7)%

2In the SCAG survey sample used in the empirictiiredion, 23.4% of households did not have any wonk
activity participation at all during the weekdayhug, we currently impose a threshold on the fractibOH non-



Thus, the third and final step of the generatidaealtion model system essentially comprises of
three sub-steps. (1) The generation of total haalde@H activity participation duration using a
fractional split model, (2) the generation of indegent and joint activities for personal and
household needs (excluding “other serve passengmsit)g the appropriate MDCEV model
depending on the household size, and (3) the gemeraf “other serve passenger” activity

participation decisions of adults.

Household with non-zero OH activity duration
(GA13)

v

For every household model total OH non-work tim
using Fractional Split Model (GA14)

D

< y >
If Household Size <= llf Household Size > 5
L ]
For each  household  model For each household model
independent and  joint  activiy independent and joint activify
participation decisions (GA15) participation decisions (GA16)

A 4
A

A

For every adult model activity determine “other serve
passenger” activity participation decision (GA17)

T

eds

M2 $& -& &($% 5)&
At the end of the prediction of activity generatiand allocation decisions (Section 3.4.1), the

following information is available: (1) each chiddecision to go to school, the school start time
and end time, the modes used to travel to and &@mol, (2) which (if either) parent undertakes

the drop-off activity, the pick-up activity, andethoint discretionary activity with the children;

work time predicted by the fractional split modekhk that the percentage of households with zeron@itwork
time as predicted by CEMDAP matches 23.4%. In titarg, we plan to estimate a simple binary choicglento
predict whether or not a household has any outeafidn (OH) non-work participation at all (acrossitlhousehold
members), based on household and individual cheistits (such as age of adults, presence of emildiamily
structure, commute times, work characteristics mdividuals, etc) instead of imposing restrictions on the
predictions of the fractional split model.



(3) each employed adult’'s decision to go to wohe work start time and end time, and the
decision to undertake work-related activities; édch adult student’s decision to go to school
and the school start time and end time; (5) eadsdirold member’s decisions as well as
duration of participation in shopping, maintenars@ial, entertainment, visiting friends, active
recreation, eat-out, other, work related, androleeve-passenger activities —both independently

and jointly with other household members.

In the next broad step of predicting activity salledy decisions, the following sequence is
adopted (see Fig 3.5): (1) determining all thelaites to be used during scheduling of the joint
activities predicted by the GA model system, (2)estuling the commutes for each worker in the
household, (3) scheduling the drop-off tour for tiwa-worker escorting children to school, (4)
scheduling the pick-up tour for the non-worker eg8ng children from school, (5) scheduling the
commutes for school-going children, (6) scheduling home-based joint tours of all adults in
the household, (7) scheduling the independent homsed tours and work-based tours for each
worker in the household, (8) scheduling the indeleah home-based tours for each non-worker
in the household, and (9) scheduling the indepenidems for each child in the household. It is
important to note that not all eight steps are megufor each household in the population. For
example, Steps (3), (4), (5), and (9) are not reazggor households without children. Similarly,
Steps (3) and (4) are not needed for a householdnié of the school going children is escorted

to or from school by his or her parents. Each efdlght steps is discussed in further detail here.
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Figure 3.5 Sequence of Major Steps in the PrechabibActivity Scheduling Decisions



3.4.2.1 Scheduling all the joint activities in theusehold

In the travel survey data, we found that the nundiezpisodes with the same combination of
participating members (>1) and activity purposerns in almost all cases. Thus, we schedule all
the joint activities predicted by the MDCEV modelthe GA model system as unique episodes.
As already discussed, the MDCEV model predicts loehcombination of people participating
as well as the duration of participation. Duringtiaty scheduling, these household-level
participations and durations are used to informsaheduling decisions. However, we do not
require the activity schedules to be perfectly esieat with the participation and duration
predictions from the activity generator. For exagp@ssume that the MDCEV model predicts
the following two activities in a household with geople (say, A and B)- 30 minutes of
independent shopping activity by A and 30 minutesaftual time) of joint eat-out activity by A
and B. The scheduler will work toward meeting theg predictions by using the predictions to
constantly inform the activity-travel patterns difindividuals in the household as these patterns
unfold during the course of the day, but it canhappen that individual A, because of his/her
time availability constraints, participates onlyr {5 minutes in the independent shopping

activity and 20 minutes in the joint activity.

The sequence of steps involved in the schedulinginff activities is presented in Figure 3.6. We
schedule the joint activities in the decreasingeoxf the duration of the participation. For every
joint activity predicted by the activity generatave determine whether all the participating
people in the joint activity travel together fronorhe or otherwise (JASCH1). Then, we
determine the joint activity start time (JASCH2here are four main assumptions that we make
at this step. First, all joint activities involvivgorkers are assumed to occur during the after work
period of all the workers involved in joint actiyitSecond, the joint tours scheduled in the after
work period of workers are assumed to be the oftgr-avork tours that they undertake. Third,
all non-workers participating in joint activitiesast their joint tour from home, participate in
joint activity, and come back home without makingy eother stops. Lastly, joint activities
involving adults making drop-off are scheduled aftee school end time of the child whom the
adult is dropping off. Consistent with these foss@amptions, we use a log-linear regression
model to determine the joint activity start timetlas number of minutes from tlvenstraint time

defined as the maximum of three times- maximum vgathool end time among participating



members, school start time of the child whom thdltad dropping off, if the adult making drop-
off is a participating member of the joint activitgnd previous joint activity start time which
involves at least one of the members of the curj@nt activity, if any. Subsequent to this step,
we model the travel time to joint activity locatimom home (JASCH3) which we will use later
to construct alternative choice set for the joiotivaty location model (JASCH4). Lastly, the
vehicle used for the joint activities is determingsing a multinomial logit model (JASCHS).
The primary vehicles of all the people involvedlie joint activity form the alternate choice set

for this model.

For every joint activity model joint or separate trave
(JASCHL1)

A
For every joint activity determine the activity start time
(JASCH2)

A
For every joint activity determine joint activity location
(JASCH4)

|

For every joint activity determine travel time to stop from hgme
(JASCH3

A

For every joint activity determine joint tour vehicle (JASCHp)

Figure 3.6 Determining All the Attributes of Joidttivity



3.4.2.25cheduling the commutes for each worker in the d¢told

Travel undertaken to and from work is arguablyriwst constrained in terms of space and time
(because of the rather strict need to be at th& Vemation during a certain period of the day).
Further, as already indicated, if the worker escohildren to and from school, then these pick-
up and drop-off episodes are assumed to be uneéertdkring the commutes. Hence, the
scheduling decisions relating to the commute arerdgened first for each worker in the
household. Further based on the generation of remlgl travel needs and allocation of child
escort responsibility to parents (Section 3.4.1v#, already know if a given worker in the
household is picking up or dropping off childref.the worker is picking up a child in the
evening commute but not dropping the child in thernmg commute, the evening commute
mode is set to “driver with passenger” and the nmgrcommute mode is set to “driver solo.” If
the worker is dropping a child in the morning contenlout not picking up a child in the evening
commute, the morning commute mode is set to “driwéh passenger” and the evening
commute mode is set to “driver solo.” If the workerboth dropping off and picking up the
child, both the morning and evening commute modesttie worker are set to “driver with

passenger.”

In the rest of this section, we discuss the premicprocess for the work-to-home commute
activity travel pattern and the home-to-work comenpattern. The prediction begins with the
work-to-home commute pattern because there is rmanie activity participation in this leg of
the commute than in the home-to-work commute.

The work-to-home-commute

If the worker is picking up children from schodben this pick-up activity is assumed to be the
only stop during the work-to-home commute (see fgL7). The travel times from work to
school and from school to home are determined agthvailing interzonal auto travel times
between the appropriate zones and at the apprepmaes of day. An activity time of 5 minutes
is assigned to this pick up stop.

If the worker is not picking up children from schathe first prediction is of the travel mode (see

Fig 3.7). This is accomplished using a multinomialgit model with five possible
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choice alternatives: drive solo, drive passendearex ride, transit, and walk/bike. Next, if the
person is scheduled to participate in any joinivagt we check if there is enough time for the
worker to participate in other non-work independactivities before heading either to home (if
joint travel) or joint activity location (if sepaetravel). We currently use a buffer time of 15
minutes as indicated in the Figure 3.7 to make deisision. If the person is not scheduled to
participate in any joint activities, even then weck if the worker is scheduled to participate in
any non-work independent activities. Then, if therson is scheduled to participate in any
independent non-work activities during the day, kgt decision modeled is the number of stops

made during the work-to-home commute.

If the worker does not pursue any non-work acegitduring the day or if the number of stops
predicted by the WSCH8 model come out to be zéen the number of work-to-home stops is
set to zero. If one or more stops are predictesl €thpirical modeling system allows a maximum
of two stops during the commute), each of thesgssi® characterized, sequentially from the first
to the last, in terms of the activity type at theps the duration of activity at the stop, the &lav
time to the stop, and the location of the stopth# worker does pursue non-work activities
during the day but the commute mode is transit @kiike, it is assumed that the worker is not
making any trips during the commute. After schedyliall the stops in the work-to-home
commute, the worker is made to go home: 1) if thespn is scheduled to participate in a joint
activity and travel jointly with other household mieers to the joint activity location, or 2) if
he/she would reach the joint activity location mtinan 15 minutes earlier than the scheduled
start time of the joint activity if traveling sepaely, or 3) if the person is not scheduled to
participate in any joint activity. Otherwise, hensde to go to the joint activity location. Once
all the stops are characterized, the travel timeHe last leg of the work-to-home commute (i.e.,
the trip ending at home) is determined as the [iegaauto travel time between the location of
the last activity stop and home at the departune from the last stop.

The home-to-work commute

The home-to-work commute is characterized next f$g&8.8).
If the worker is pursuing drop-off of children ath®ol, then this drop-off activity is the

only stop during the home-to-work commute. The étaimes from home to school and from



school to work are determined as the prevailingrizbnal auto travel times between the
appropriate zones and at the appropriate timesyfor workers not dropping off children, the
scheduling of the home-to-work commute follows a@gedure that is very similar to the
scheduling of the work-to-home commute discussetieeaexcept that there are no joint

activities to schedule during the home-to-work cantam

If worker drops off If worker does not drop off
children at school children at school

Number of home to work stops :

Travel time to stop = auto travel tii

from home to school at school start time
Travel time from school to work =

Auto travel time from school zone to work
zone at work start time=

Worker does not underte
independent nonwork activitie:
OR commute mode is transit

walk/bike
work start time — school start time
Activity duration at stop = 5 minutes
yes no

Number of stops in tt

home to work commu

(model WSCH8)

no stops
One or mor
A\ stops

Number of home to work stops : v

Travel time from home to work
travel time by chosen mode fr

home zone to work zone at wi
start time |

Travel time for the final leg of the commute = firevailing
auto travel time between location of last stop andk a
departure time from last stop.

Stops Module (Figure 3.9)

Figure 3.8 Scheduling the Home-to-Work Commute

3.4.2.3 Scheduling the drop-off tour for the non-workeratsog children to school

Among all activities and travel pursued by a nomkeo, the escort of children to and from
school is undertaken with perhaps the most spaoe-tbnstraints. Consequently, these activities
are scheduled prior to all independent activitindartaken during the day. Of the two types of



escort activities, drop-off and pick-up, the scHedpof the former is undertaken first as the

drop-off activities temporally precede the pickamgdivities.

Non-workers dropping off children at school areuased to undertake this activity as the first
stop of their first home-based tour for the daye Heheduling of this first tour is presented in
Figure 3.10. The mode for this tour is set as ‘@riwith passenger” and the travel time is
determined as the prevailing auto travel time betwde home and school zones at the school
start time of the children being escorted. An atstiduration of 5 minutes is assigned to the
drop-off stop. After dropping off the children atheol, the non-worker may choose to undertake
other independent activities as part of this sapue. tThe number of such stops in this tour is
determined next. The reader will note that thisjpplicable only for non-workers who have
decided to undertake one or more independent nok-adaivities during the day. If one or more
stops are predicted (the empirical modeling systidows a maximum of three additional stops
in a tour containing a drop-off episode), then eatthese stops are characterized, sequentially
from the first to the last, in terms of the aciviype at the stop, the duration of activity at the
stop, the travel time to the stop, and the locatibtihe stop. Once all the stops are characterized,
the travel time for the last leg of the tour (i.the trip ending at home) is determined as the
prevailing auto travel time between the locationtloé last activity stop and home at the
departure time from the last stop. If the non-woikenot undertaking any activity other than the
drop-off as part of this tour, then the return haimee is determined as the prevailing auto travel

time between the school location and home at tpartiere time from the drop-off episode.



For each subsequent stop in the tour
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Activity duration (model WSCH11)
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Location (model WSCH13)

Figure 3.9 Stops Module (Workers)



Tour mode = “driver, with passenger”

Travel time to school = auto travel time from hotmeschool at school
start time

Activity duration at stop = 5 minutes

Does non-worker undertake
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Travel time from drop-off stop to home =
auto travel time from school zone to home
zone at departure time from school

Travel time for the final leg of the tour = the pading auto travel time
between location of last stop and home at depatitmefrom last stop

Figure 3.10 Scheduling Drop-Off Tour for Non-Warkscorting Children to School



3.4.2.4Scheduling the pick-up tour for the non-worker eseg children from school

Non-workers picking up children from school arewssed to be undertaking this activity as the
first stop of a home-based tour. Unlike the tountaming the drop-off episode, the tour
containing the pick-up episode is not necessahngyfirst tour of the day. In fact, it could be any
(i.e., first, second, third) of the several tourada by the non-worker during the day. The overall
scheduling of a tour containing the pick-up acyi\iieigure 3.3) is very similar to the procedure
described for the scheduling of a drop-off tourtHis case, the tour is constrained by the school
end time of the children being escorted as opptsdtie school start time in the case of the
drop-off tours.



Tour mode = driver

Travel time to school = auto travel time from hotmeschool at school
end time

Activity duration at stop = 5 minutes
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A
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Stops Module (Figure 3.12)
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Travel time from pick-up stop to home = auto
travel time from school zone to home zone at
departure time from school

Travel time for the final leg of the tour = the pading auto travel time
between location of last stop and home at depatitmefrom last stop

Figure 3.31 Scheduling Pick-Up Tour for the Nonfkéo Escorting Children from School



For each subsequent stop in the tour

Activity type (model NWSCHS8)

v

Activity duration (model NWSCH?9)

v

Travel time to stop (model NWSCH10

v

Location (model NWSCH11)

Figure 3.12 Stops Module (Non-workers)

3.4.2.5Scheduling the commutes for school-going children

In the fourth major step of scheduling, the comnfateeach of the school-going children in the
household is characterized (Fig. 3.13). If a chEleing escorted home from school, the school-
to-home commute of this child is simply obtainedtlas corresponding travel patteiire( the
pattern from pick-up activity to arrival at home)) the escorting parent. If the child is not
escorted, the travel time from school to home i®meined using a regression model and the
child is assumed not to make any stops during ¢bimmute. If a child is being escorted to
school, the home-to-school commute of this childimsply obtained as the corresponding travel
pattern (i.e., the pattern from departure from hoone@rop-off activity) of the escorting parent. If
the child is not escorted, the travel time from leotm school is determined using a regression

model and the child is assumed not to make anystapng this commute.
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Figure 3.13 Scheduling Commutes for School-goihdd@n

3.4.2.6 Scheduling all the home-based joint tours in thedetold

The next step in the scheduling procedure focuseb® home-based joint tours by all members
in the household. It is important to note that thk attributes of the joint activities namely

activity type, activity duration, activity startie, activity location, travel mode, and vehicleduse

are already determined in the first step of schieduln this step, we only copy these attributes
appropriately to each person participating in thjes# activities. If the person is a worker, then

the joint activity episode involving this personssheduled as the only stop in the only after-
work tour of the worker. If this person is a nonfiar, then the joint activity is pursued as the

only stop in a home-based tour. This tour couldabg of the several tours made by the non-



worker during the day. Moreover, in the survey datad for model estimations we did not find

cases in which adults undertook both pick-up amat jactivities. Hence, the adults undertaking

joint activities are assumed not to escort childrem school. From the standpoint of the child

undertaking a joint activity, the joint activity @ssumed to be undertaken after return from
school.

3.4.2.7Scheduling the independent home-based and worldliases for each worker in the
household
At this point, the scheduling of all activities thare significantly impacted by space-time
constraints has been completed. The next stegsisdheduling procedure are focused on the
organization of activity stops undertaken with mepatial and temporal flexibility. This seventh
step (3.14 and 3.15) of the scheduling procedufecissed on the scheduling of home-based and
work-based tours undertaken by workers who choaseindertake independent non-work
activities during the day. For workers not undartgkoint activities, the number of after-work
tours is first determined (Fig. 3.14). If the warlalhooses to undertake one or more tours (up to
two after-work tours are supported by the empirmnableling system), then each of these tours is
characterized (sequentially from the first afterrkvtour) in terms of the tour mode, number of
stops in the tour, and home-stay duration prigheotour (Fig. 3.15igure 3.7. The reader will
note that the home-stay duration before the toterdenes the time of day of departure for the
tour. A maximum of five stops is supported by thep@ical model system in any tour. Each of
the stops in the tour is characterized (sequewntisdim the first to the last stop) in terms of the
activity type, activity duration, travel time toelstop, and location of the stop. The attributes of

all the stops in a tour are completely determinefbite proceeding to the subsequent tour.

As shown in Figure 3.14, once the scheduling ofviiets during the after-work period is

complete, the decision of a worker to undertakekwiased tours is determined. The empirical
modeling system allows up to two tours during therksbased period. The scheduling of the
tours during the work-based period follows a simgeocedure to the scheduling of tours during
the after-work period, which has already been dised. Finally, after the scheduling of
activities during the work-based period is complete worker’'s decision to undertake tours

during the before-work period is determined (a mmaxn of one tour is supported). Again, the



scheduling of the tours during the before-work @erifollows a similar procedure to the
scheduling of tours during the after-work and wbdsed periods. With this, the complete

activity-travel pattern of all workers in the hohséd has been generated.
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activity with children

Worker does n
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There is one after - l
work tour which is th Number of afte -work tours one o
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no fours Schedule th
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(See next Figure )
\ 4
Number of worl -based toul one o
(model WSCHS) more tours l
Schedule th
no fours work-based toul
(See nexFlggrei
\ 4
Number of befor -work tours one o
(model WSCHB8) more tours l

Schedule th
before work tours
(See next Figure)

Figure 3.14 Scheduling All Independent Home-BasetlWork-Based Tours for Workers
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Figure 3.15 Scheduling a Single Independent Touorkers

3.4.2.8Scheduling the independent home-based tours fdr maic-worker in the household
The penultimate step in the scheduling proceduréogsised on the independent activities

pursued by the non-workers in the household. Ifritve-worker is not pursuing pick-up or joint



activities, then the scheduling of independentvéets begins with the determination of the total
number of independent non-work tours to be undertdky the individual. A maximum of four
independent non-work tours is supported by the eogbimodeling system. As depicted in
Figure 3.16, each of these tours is characterigeduentially from the first after-work tour) in
terms of the tour mode, number of stops in the,tand home-stay duration prior to the tour.
Home-stay duration before the tour determines #adure time for the tour. A maximum of
five stops is supported by the empirical modeleaysin any tour. Each of the stops in the tour is
characterized (sequentially from the first to thetlstop) in terms of the activity type, activity
duration, travel time to the stop, and locatiorntled stop. The attributes of all the stops in a tour

are completely determined before proceeding tonéxe tour.

If the non-worker is undertaking pick-up (joint)t@&dies, then the decision of this person to
undertake an independent tour before and aftepittkeup (joint) tour is predicted (Figure 3.16).
As already discussed, non-workers are assumea notdertake both pickup and joint activities.
This, in turn, determines the position of the pigk{joint) tour within the overall pattern of the
non-worker. For example, if a non-worker who unalegs a drop-off tour also decides to
undertake an independent tour before the touritkingy up children from school, then the pick-
up tour becomes the third tour in this person’sralgattern (the drop-off tour is always the
first tour). Alternatively, if a non-worker who deenot undertake a drop-off tour decides to
undertake an independent tour before the touritkingy up children from school, then the pick-
up tour becomes the second tour in this persongativpattern. The characteristics of these
tours and the stops in these tours are determaeguknding on the choice to undertake a tour

before and after the pick-up (joint) tour.
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Figure 3.17 Scheduling a Single Independent TouNbn-Workers

3.4.2.9Scheduling the independent tours for each chilidhénhousehold

In this last activity scheduling step, independenirs undertaken by the children are predicted
(Figure 3.18). The characterization of the indegendour begins with the choice of the tour
mode, which can be “drive by other” or “walk/biké\ext, the departure time from home for the
tour is determined. If the child also goes to s¢hdois assumed that independent tours are
undertaken after returning home from school. Tharatterization of the independent tour is
completed by determining the activity duration fa¢ stop, the travel time to the stop, and the
location of the stop. The reader will note thatr¢hés only one stop in independent tours

undertaken by children and each child undertakesost one independent tour during the day.
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Figure 3.18 Scheduling Independent Tours for Eabhd in the Household

"6 . $ .. & (&1
Several spatial and temporal consistency checks beaen implemented in CEMDAP to

ensure that the simulation process does not resuftreasonable or impossible activity patterns.
This section describes the spatial and temporaistancy checks used in the enhanced version
of CEMDAP.

"6" . & (&1
The spatial location choices for non-work actigtiare determined using the spatial location

choice model. Bhatt al. (2003) describes the mathematical procedure wseagpply the spatial

location choice model. The methodology employs @babilistic choice set generation method



that uses the predicted travel time to the stopn{frthe previous stop location) in the
determination of the candidate locations for thepstSubsequently, a multinomial logit
prediction procedure is used to predict the spaiedtion choice among the candidate locations
in the choice set. It was found that the probaimlishoice set generation method was giving rise
to unreasonably far (from the origin zone) spat@dation choice predictions. Hence, a
deterministic choice set generation method was Idped to ensure the spatial consistency of
the predicted activity-travel patterns. The detaigtic choice set generation method and the

subsequent spatial location choice prediction ptoceare described below.

The deterministic choice set generation method afs#s the predicted travel time to the stop
(from the previous stop location) in the determomatof the candidate locations for the stop.
Subsequently, a multinomial logit prediction progeslis used to predict the spatial location

choice among the candidate locations in the cheete

The rationale behind using the predicted traveetimthe stop in generating the location choice
set is that the stop location to be predicted shbalvithin a certain range of the predicted travel
time to that stop. Hence, the location choice setfstop consists of the zones that fathin a

certain range of predicted travel times from thevpus stop location. Half of the candidate
zones selected into the location choice set haeeteshtravel times (from the previous stop
location) than the predicted travel time, while tteer half have travel times greater than or

equal to the predicted travel time.

An important point to be noted here pertains todegnition of predicted travel timeo the stop
used in the context of spatial location choice. Tragel time predicted by the “travel time to the
stop” model is theotal expected travel timghat the person expects to travel for the nexi.As

the “travel time to the stop” model was estimatsohg the reported travel times in the household
travel survey data, the total expected travel tinctudes not only the in-vehicle-travel time, but
also additional time such as the out-of-vehicledgtdime. Hence, the out-of vehicle travel time
is subtracted from thpredicted total expected travel tinh@ obtain thepredicted travel timen

the network for spatial location choice. This poteld travel time is used to generate the location



choice set. The steps involved in the disaggregaeiction (including the choice set generation)

using the location choice model are summarizedvizelo

1.

N

Determine the predicted travel time by subtractimg out-of-vehicle travel time from the
total expected travel time by using the followindes.
a. If (activity type at the stop is ‘other’ or shoppior serve passenger and total
expected travel time >20 minutes),
predicted travel time = total expected travel tim@ minutes
b. If (activity type at the stop is ‘other’or shoppgiror serve passenger and total
expected travel tim& 20 minutes),
predicted travel time = 0.6 X total expected traveke
c. If (activity type at the stop none of ‘other’ dnapping or serve passenger and
total expected travel time >24 minutes),
predicted travel time = total expected travel ti@ minutes
d. If (activity type at the stop none of ‘other dnapping or serve passenger and
total expected travel time >24 minutes),
predicted travel time = 0.75 X total expected ttdiwpe.
If the predicted travel time is less than the imbraal travel time from the previous stop
location, then the chosen stop location is in thmes zone as the previous stop location
because this is the only choice alternative avklalh the predicted travel time is greater
than the intrazonal travel time, follow the stepolw.
Arrange all the zonal locations in the ascendindeprof in-vehicle travel time from the
previous stop.
Select the first spatial zon& whose in-vehicle travel time from the previousps(g) is
greater than the predicted travel time.
Select twenty-five zones with in-vehicle travel &nffrom the previous stop location) less
thant, and twenty-five zones with in-vehicle travel tigeeater thar,. If twenty-five zones
are not available on one or both sides,a$elect the minimum number of zones available on
both sides in order to maintain symmetry of trawales of the candidate zones in the choice

set.



6. Compute the conditional probabiliti?y, P-...Px) for each of the differeri (K = 50 or less)
candidate locations using the calibrated model matars and the values of exogenous
variables specific to the decision maker under icamation.

7. Generate a uniformly distributed random numhérifetween 0 and 1.

8. The chosen alternative is determined using the ct&ap choice probabilities and the
uniform random number drawn as follows:

If 0 <= U < P4, chosen alternative .
If P1<= U < P 1+P2, chosen alternative .
If P1+P2+..Pi1<=U < P 1+P2+..P3, chosen alternative &.

If P1+P2+..Px-1<=U < 1, chosen alternative i«.
"6" . & (&1

Most of the temporal choices (such as home-stagtiduns before tours, activity durations, and
travel times to stops) are determined using logdinregression models. Because the chosen
duration is determined by a random draw from a mbrdistribution, a small (but non-zero)
possibility exists that the duration determineither very high or very low. This may lead to
temporal overlapping situations in which the tqta¢dicted duration for a person exceeds 24
hours or the predicted end time of an activitysSfadfter the predicted start time of the next
activity. Rules for temporal consistency have beéeweloped to handle cases in which the
predicted duration is unreasonably high or lowdiiteons on other temporal choice predictions,
such as work start and end times and work duratiamesalso controlled using temporal checks,
in order to avoid start and end times that arectarty or late and durations that are too long.

The temporal checks are defined in terms of lowwr apper bounds for each of the different
durations that will be determined by the model eystlf the predicted value of the duration falls
below the lower bound, it is set to the lower bguhd falls above the upper bound, it is set to
the upper bound. The values were determined basexh@mpirical examination of data from
the Los Angeles area and based on experience fremiops cities. In most cases, the fifth-
percentile value of the duration in the samplehissen as the lower bound and the ninety-fifth-
percentile value chosen as the upper bound. Mot$teofime bounds are defined as percentages



of available time rather than absolute values. ddmecept of available time is discussed below in
greater detail. (Available time is a frequently afmtl attribute in the CEMDAP’s simulation
sequence). Absolute values of time bounds are addid reduce the likelihood of any sort of

temporal overlaps.

Table 3.6 provides the definitions for availablendi for various temporal attributes. The
available time for a worker’'s home stay duratiofobe his or her first after-work tour is given
by: 1440 — arrival time at home from work; that tbe subsequent after-work tours is given by:
1440 — arrival time at home from the previous afterk tour. The available time for a worker’s
work stay duration before the first work-based tsugiven by: the work-based duration, while
that for his/her subsequent work-based tours isrgiyy: work end time — arrival time at home
from the previous work-based tour. The availabigetifor a worker’'s home stay duration before
his or her first before-work tour is given by thepdrture time from home for work, while that
for the subsequent before-work tours is given hgpadture time from home for work — arrival

time at home from the previous before-work tour.

The available time for home stay duration befor@a-worker’s tour depends upon whether the
non-worker undertakes pick-up, drop-off, or jointtiaties. If the non-worker does not
undertake any of the above mentioned joint acésitthe available time for home stay duration
before his or her first tour is 1440, while that foe subsequent tours is given by: 1440 — arrival
time at home from the previous tour. If the nonkesrundertakes drop-off activity, the available
time for home stay duration before the first tasigiven by: 1440 — arrival time at home from
the drop-off tour; that for subsequent tours isegioy: 1440 — arrival time from the previous
tour. If the non-worker undertakes either a pickemgoint activity, the available time for home
stay duration before his or her first tour befdre pick-up or joint tour is given by: time from 3
a.m. until the departure for the pick-up or jointiaty tour; available time for the first tour aft
the pick-up or joint activity tour is given by: 1d4- arrival time at home after the pick-up or
joint activity tour and that for all his or her sdguent tours is given by: 1440 — arrival time

from the tour before.



The available time for a worker's tour (after-workprk-based, or before-work) is given by:
available time for the work or home stay durati@fiobe that tour — work or home stay duration
before that tour; that for the work-home commutgii@n by: time from 3 a.m. until the start of
the work; and that for the home-work commute isgiby: 1440 — work end time. The available
time for a non-worker’s tour is given by: availabime for the home stay duration before that

tour — home stay duration before that tour.

The available time for activity duration of thestirstop in a tour or commute is given by:
available time for the tour or commute. Availabimé for any subsequent stop is given by:
available time for the previous stop — activity alisn for the previous stop - travel duration for
the previous stop. The available time for travel day stop is given by: available time for the

activity duration — activity duration at that stop.

Tables 3.7 through 3.15 provide the temporal bodadsach of the temporal choice dimensions
predicted in CEMDAP. Several observations can bdenfeom Table 3.6 and these tables. First,
the available time decreases with the hierarchiheftemporal attribute (see Table 3.6). That is,
the available time for home or work stay duratisngreater than the available time for the
corresponding tour and the available time for a t{@utour-level attribute) is greater than the
available time for activity duration and travel dtion of stops (stop-level attributes) in that tour
Second, the upper and lower bounds for home or wi@k duration decrease with an increase in
the number of stops or an increase in the numbeowt (see Tables 3.7 and 3.8). For non-
workers, earlier tours in the pattern have wideretbbounds on home stay (see Table 3.8). Third,
the upper and lower bounds on activity duratiorns @avel durations decrease with the increase
in the number of stops. Fourth, the temporal bowwmdsome or work-stay, activity duration, and
travel duration are in terms of percentages oflabbks time, whereas those of other temporal
variables (work and school start and end times dunr@tions, school-home and home-school
commute durations, and departure time, activityations, and travel durations of independent
and joint discretionary tours) are in absolute tvadles. The bounds on work and school start
and end times are to allow sufficient time for eft@rk tours, and before-work tours. The
bounds on work and school durations restrict thatthhns within a reasonable range.



Table 3.7 Available Time Definitions

Available time for...

Definition (in minutes)

Home/work - stay duration for workers

First after-work tour
Subsequent after-work tours
First work-based tour
Subsequent work-based tours
First before-work tour
Subsequent before-work tours

Home-stay duration for non-workers

If non-worker does not undertake pick-up, drop-@

or joint activity
First tour
Subsequent tours
If non-worker undertakes drop-off activity
First tour
Subsequent tours

If non-worker undertakes pick-up/joint Activity

First tour before pick-up/joint tour

First tour after pick-up/joint tour

Subsequent tours

ﬁa

1440 - arrival time at homenfi work

1440 — arrival time at home from the previous
after-work tour

Work-based duration

1440 — arrival time at home from the previous
work-based tour

Time from 3 a.m. until thepérture to work

1440 — arrival time at home from the previous
before-work tour

1440
1440 — arrival time from the tmfore

1440 — arrival time at home from drop-off tour
1440 — arrival time from the tmfore

Time from 3 a.m. until departure for pick-up/joint
activity tour
1440 — arrival time at home after pick-up/joint
activity tour

1440 — arrival time from the tmfore

Tour/commute

After-work, work-based, and before-work tours

Work-home commute
Home-work commute

Non-worker tours

Available time for the corresponding work/home
stay duration — work/home-stay duration

Time from 3 a.m. until the stdinivork

1440 — work end time

Available time for corresponding home-stay
duration — home-stay duration

Activity duration

First stop in a tour/commute

Subsequent stops in a tour/commute

Available time for tber/commute

Available time for the previous stop — (activity
duration + travel duration for the previous stop)

Travel duration

Available time for activity duration — activity
duration




Table 3.8 Temporal Bounds on Worker Home and Work-8y Duration
(as % of available time)

Lower Bound Upper Bound
Before-work tours 31.58 86.96
Work-based tours
One tour, one stop in tour 15.32 64.30
One tour, two or more stops in tour 7.17 56.76
Two or more tours, one stop in tour 11.97 64.11
Twoir(])rtg[l?re tours, two or more stops 717 59.87
After-work tours
One tour, one stop in tour 1.47 38.55
One tour, two or more stops in tour 1.58 28.57
Two or more tours, one stop in tour 1.45 37.24
Two or more tours, two or more stop“s 132 28.17
in tour

Table 3.9 Temporal Bounds on Non-Worker Home and Widk-Stay Duration
(as % of available time)

Lower Bound Upper Bound

First tour

One stop in tour 15.28 63.54

Two stops in tour 15.28 56.25

Three or more stops in tour 13.89 50.00
Second tour

One stop in tour 2.17 46.19

Two stops in tour 1.41 43.83

Three or more stops in tour 0.84 38.62
Third tour 1.80 37.50
Fourth tour 1.64 29.17




Table 3.10 Temporal Bounds on Worker Activity Duraion
(as % of available time)

Lower Bound

Upper Bound

Stops in before-work tours 0.18 30.18
Stops in home-work commute
One stop in commute 0.32 33.33
Two stops in commute 0.33 36.32
Stops in work-based tours
One tour, one stop in tour 0.55 19.22
One tour, two stops in tour 0.22 15.48
Two or more tours, one stop in tour 0.79 50.00
Two or more tours, two stops in tou 0.35 32.83
Stops in work-home commute
One stop in commute 0.18 39.15
Two stops in commute 0.30 27.43
Stops in after-work tours
One tour, one stop in tour 0.14 18.75
One tour, two stops in tour 0.09 12.62
Two or more tours, one stop in tour 0.17 34.83
Two or more tours, two stops in tou" 0.17 25.86

Table 3.11 Temporal Bounds on Non-Worker Activity uration
(as % of available time)

Lower Bound

Upper Bound

First tour
One stop in tour 0.09 47.40
Two stops in tour 0.14 36.04
Three stops in tour 0.15 29.53
Four or more stops in tour 0.21 25.69
Second tour
One stop in tour 0.11 37.33
Two stops in tour 0.22 27.56
Three stops in tour 0.15 21.87
Four or more stops in tour 0.15 17.59
Third tour 0.17 30.83




" Fourth tour

|| 0.15

33.72

Table 3.12 Temporal Bounds on Worker Travel Duratim
(as % of available time)

Lower Bound

Upper Bound

Stops in before-work tours 0.49 9.52
Stops in home-work commute
One stop in commute 0.77 20
Two stops in commute 0.47 16.87
Stops in work-based tours
One tour, one stop in tour 0.63 32.20
One tour, two stops in tour 0.36 21.14
Two or more tours, one stop in tour 0.63 32.20
Two or more tours, two stops in touff 0.36 21.14
Stops in work-home commute
One stop in commute 0.76 19.55
Two stops in commute 0.42 12.09
Stops in after-work tours
One tour, one stop in tour 0.21 3.21
One tour, two stops in tour 0.21 2.79
Two or more tours, one stop in tour 0.37 6.06
Two or more tours, two stops in tou" 0.33 9.55

Table 3.13 Temporal Bounds on Non-Worker Travel Duation
(as % of available time)

Lower Bound

Upper Bound

First tour
One stop in tour 0.35 9.76
Two stops in tour 0.31 9.85
Three stops in tour 0.28 9.30
Four or more stops in tour 0.28 8.76
Second tour
One stop in tour 0.38 7.14
Two stops in tour 0.37 6.32
Three stops in tour 0.29 6.84
Four or more stops in tour 027 6.04
Third tour 0.36 6.65




| Fourth tour || 0.44 8.54 ||

Table 3.14 Temporal Bounds on Work and School Stadnd End Times
(absolute time)

Lower Bound Upper Bound

School (children)

Start time (minutes from 3 a.m.) 240.0 420.0

End time (minutes from 3 a.m.) 540.0 900.0

Duration (minutes) 180.0 600.0
Work (adults)

Start time (minutes from 3 a.m.) 210.0 660.0

End time (minutes from 3 a.m.) 660.0 1020.0

Duration (minutes) 240.0 720.0
School (adults)

Start time (minutes from 3 a.m.) 240.0 490.0

End time (minutes from 3 a.m.) 498.8 1035.0

Duration (minutes) 120.0 600.0

Table 3.15 Temporal Bounds on Home-to-School and Baol-to-Home Commute Durations
(absolute time in minutes)

Lower Bound Upper Bound

School-to-home commute duration

Auto 5.0 45.0

School bus 10.0 60.0

Walk/bike 3.5 35.0
Home-to-school commute duration

Auto 3.0 30.0

School bus 10.0 65.0

Walk/bike 4.0 30.0




Table 3.16 Temporal Bounds for Independent Tours Udertaken by Children (absolute

time)
Lower Bound Upper Bound
Departure time (minutes from 3 a.m.) 255.0 990.0
Activity duration (minutes) 10.0 345.0
Travel time (minutes) 1.0 35.0

!ll * $
We used the modified CEMDAP to generate the agtitvavel patterns of the population in the

SCAG region. In this chapter, we discuss the vébtaexercise undertaken to assess the ability
of CEMDAP to produce predicted activity-travel atts that are consistent, reasonable, and

close to the observed patterns in the survey useektimating all the models in CEMDAP.

Table 4.1 Average Number of Trips per Household

SIMAGENT

(85% Work

Type of Trips SIMAGENT | Survey Scenario)
Home Based Work 1.27 1.33 1.68
Home Based Non-work 5.13 4.90 4.94
Non-home based 2.31 2.59 2.69
Total 8.71 8.82 9.30

First, we compared the average number of tripshpasehold by trip type in the survey data and
the SIMAGENT prediction. It can be seen from TaBlé above that the numbers match
reasonably well. However, in the survey data wesplexl that the percentage of workers (people
who go to work on the travel day) is rather lownthaxpected (around 65%). So, we ran
SIMAGENT for 85% work scenario where we made 85%hefemployed people go to work.

Under this scenario, the average number of homeebagork trips increased as expected
resulting in an increase in the overall average memof trips per household across all trip types.
A similar trend was observed when we further inseethe percentage of workers to 90% and



95%. The reality, we believe, would be somewherewben 65% and 85%. Future data

collection efforts must try to sample householdsrapriately for predictions close to the reality.

Table 4.2 Distribution of Number of Tours (Workers)

Before Work Work Based After Work
Number of Tours | ¢ ey | SIMAGENT| Survey | SIMAGENT| Survey | SImAGENT
0 94.26 96.69 81.03 76.67 79.48 81.36
1 5.74 3.31 16.59 18.01 17.86 17.17
2 -- - 2.38 5.32 2.66 1.47

Table 4.3 Distribution of Number of Tours (Non-Workers)

Number of Tours Survey | SIMAGENT
1 58.81 55.51
2 27.53 24.79
3 9.49 12.55
4 4.17 7.15

Next, we looked at the distribution of number ofit® by tour type in the survey data and

SIMAGENT. These results are presented in Tablegfdr.2vorkers) and 4.3 (for non-workers). It

can be seen from the results that the numbersindiresponding cells match pretty closely both

for workers and non-workers.

Table 4.4 Average Number of Stops by Tour Type

Average number of stops Survey | SIMAGENT
Work Based tours 1.37 1.36
Before work tours 1.41 1.34
After work tours 1.40 1.36
Work-to-home commute 0.40 0.35
Home-to-work commute 0.26 0.18
Non-worker tour 1.78 1.66

Table 4.4 presents the comparison between survey alad SIMAGENT prediction of the

average number of stops in different types of toBIMAGENT performs pretty well in all tour




types except for the home-to-work commute tours.b&ospecific, SIMAGENT seems to be

under predicting the number of stops in home tokveommute tours.

Table 4.5 Chaining Propensity

Survey | SIMAGENT
Worker
Chaining Propensity 0.85 0.86
Non Worker
Chaining Propensity 0.71 0.76

Next, we compare the chaining propensity which imeasure of the inclination to undertake
more than one activity episode (or stop) in a tolw. be specific, non-commute chaining
propensity for workers is defined as the ratioh® sum of the number of before-work, work-

based, and after-work tours to the total numbeoutfof-home activity episodes undertaken in

the before-work, work-based, and after-work toursspectively. Similarly, the chaining

propensity for non-workers is the ratio of the tatamber of tours to the total number of out-of-

home activity episodes. If each tour comprises only stop, then the chaining propensity is one.
As more stops are included in each tour, the praipefalls below one. Hence, the smaller the

value of the chaining propensity measure, the graae extent of trip chaining. As we can see,

SIMAGENT outputs match quite well with the surveguilts.

Table 4.6 Tour Mode Shares

Work-to-home Work based Before work After work Non-Worker
SIMAGENT | Survey | SImMAGENT | Survey | SimAGENT | Survey| SImAGENT | Survey | SIimAGENT | Survey
Drive 77.7 78.2 64.2 69.3 56.5 44)0 55.0 56.2 51.8 39.8
alone
pl:z;rsi\s/gnagser 8.9 9.8 15.9 13.8 26.2 3901 35.3 317 28.8 36.7
Sng;ed 8.1 6.6 6.0 6.3 4.0 2.5 3.9 51 12.2 14.1
Wtk or 2.7 2.9 13.7 10.1 12.7 13l0 4.9 43 5.7 7.5
Transit 2.6 2.5 0.2 0.5 0.6 0.5 0.9 0|7 1.4 1.9

Lastly, we compare the tour mode shares by tour agross five modes in the survey data and
SIMAGENT output. It can be seen that the mode sdAdrenatch pretty closely except for the



drive as passenger mode for the before work anawwsker tours. SIMAGENT over-predicts

the share of this mode in both these tour types.

Appendix A: CEMSELTS PARAMETERS

Table A-1 Drop-out rate look-up table

Male
Age Hispanic NH White NH Black NH Native NH Asian
13 0.006 0.006 0.015 0.032 0.005
14 0.013 0.005 0.030 0.033 0.008
15 0.048 0.010 0.020 0.049 0.011
16 0.049 0.016 0.054 0.058 0.011
17 0.050 0.014 0.077 0.042 0.012
18 0.056 0.028 0.070 0.056 0.016
Female
Age Hispanic NH White NH Black NH Native NH Asian
13 0.010 0.001 0.015 0.032 0.005
14 0.015 0.007 0.030 0.033 0.008
15 0.032 0.018 0.076 0.049 0.011
16 0.026 0.013 0.039 0.058 0.011
17 0.032 0.017 0.029 0.042 0.012
18 0.035 0.016 0.035 0.056 0.016




Table A-2 Educational Attainment table

Male
Edugational Hispanic NH NH NH NH NH
Attainment White Black Native Asian Other
High School 0.790 0.523 0.701 0.713 0.419 0.579
Associate's 0.075 0.083 0.099 0.09" 0.088 0.088
Bachelor's 0.093 0.242 0.137 0.111 0.329 0.212
Master's 0.038 0.132 0.056 0.054 0.140 0.197
Doctorate 0.004 0.019 0.008 0.027 0.024 0.014
Female
Educ_:ational Hispanic NI_—| NH NI_—| NH NH
Attainment White Black Native Asian Other
High School 0.787 0.590 0.681 0.734 0.437 0.606
Associate's 0.082 0.093 0.109 0.092 0.107 0.102
Bachelor's 0.089 0.214 0.142 0.115 0.352 0.202
Master's 0.039 0.095 0.063 0.048 0.096 0.078
Doctorate 0.003 0.009 0.005 0.011 0.008 0.013




Table A-3a College Location Table

Variable Parameter t-stat
Maximum employees of agriculture that can be i i
reached within 10 minutes (/)0 0.227 2.26
Maximum employees of transportation that can bg i i
reached within 10 minutes (/40 0.055 6.72
TAZ is a major college TAZ 2.177 33.87
TAZ is a minor college TAZ 1.324 22.37
Distance home to college -0.138 -48.34
Person is Caucasian and TAZ belongs to a Caucasian
dominated college TAZ 0372 3.18
Person is Black or Caucasian and TAZ belongs tp a 0.332 295
Black and Hispanic dominated college TAZ ' '
Person’s Household Income is less than 50k and 0.213 208
TAZ belongs to low income student TAZ ' '
Person’s Household Income is greater than 50k and 0.206 176
TAZ belongs to high income student TAZ ' '
Person is employed and TAZ belongs to Employed
Student TAZ 0.250 211

Goodness of Fit Measures

Number of Observations 2151
Log Likelihood Function -6385.00
Pseudo R-squared 0.4271




Table A-3b TAZ Lookup for College Location Model

Zones with Colleges

101050000 221230400 240340500 265110200 300000614 00499001
101060002 221270000 240420000 27017020p 300000620 00508000
101070000 222181000 240670000 270220100 403030000 005795000
101100008 222270001 240860100 270230000 403070000 00718800
101100011 222401000 246080000 27030010p 403110000 00726002
101110003 222460000 246340001 270300101 403140100 00739100
101120103 222470000 248270100 28005020{L 403150100 00739102
101130005 223110000 250030000 290100500 404080300 00735200
101130006 224200000 250400100 29203300p 404140500 008485400
101150001 226110100 253040000 300000044 404170200 00865002
101160001 226510000 254240200 300000146 404220200 00999300
101200003 226530101 254330500 30000015p 404220900 01008400
101210002 226530104 254332100 300000158 404221100 01003200
211510200 226530105 254332101 300000188 404260503 01003400
211520200 226530500 254350100 300000190 404271202 01043400
212360100 226551000 255380100 300000191 404321601 01043600
213930100 227650000 255451400 30000019 404322101 01208000
218160000 229430000 255452100 30000019 404350900 00156200
219141000 229490000 257120000 300000226 404510700 00186001
219142000 229621000 257330000 300000265 404510800 00276000
219200000 230080000 257350001 30000026 404570200 00286003
219270000 240080000 257460100 300000341 404610200 00476300
220170001 240150000 257470000 300000365 5000602p0 00496000
220310000 240180000 257490100 300000379 500160000 00506200
220320000 240190100 257520100 300000415 5002009p1 00636100
220710000 240190200 260030200 30000044p 500210005 00636200
220872000 240240200 260360000 30000044p 5004502p0 00766403
221001000 240240300 265000100 300000536 5004502p1 00806200
221111000 240240400 265090101 30000053) 5004601p0 - -
221220400 240320000 265090200 300000565 5004900p0 - -




Table A-3b (continued) TAZ Lookup for College Locaton Model

]
I
)
|

Ma}jor Egﬁggﬁ?ﬂn Hispar_1ic African High Income Low Income Employed
Education TAZ TAZ American TAZ Student TAZ Student TAZ Student TAZ
101120103 300000191 101120103 101120103 227650000 01210002
211510200 600270000 222401000 222401000 229430000 2765P000
222401000 600760403 254332100 22311000( 240340500 2943P000
223110000 226510000 - 226551000 254332100 250@800(
226510000 - - 253040000 257460100 25433210
246340001 - - 404350900 300000191 25747000
254332100 - - 501041600 500450200 27030010
257460100 - - - 600760403 300000620
260360000 - - - - 500450200
270220100 - - - - -
300000191 - - - - -
300000620 - - - - -
403070000 - - - - -
404220200 - - - - -
500450201 - - - - -
600270000 - - - - -
600760403 - - - - -
Minor Education TAZ
101100011 226530101 240340500 265000100 300000614 00458200
101130006 226551000 248270100 270230000 403030000 00508000
101210002 227650000 250030000 270300101 404080300 008485400
212360100 229430000 253040000 300000044 404271202 01003200
213930100 230080000 255452100 300000341 404350900 01043600
219142000 240240300 257120000 300000442 404510700 00186001
220170001 240240400 257470000 300000537 500200901 00476300
222460000 - - - - -




Table A-4 Labor Participation Model

Variable Parameter t-stat

Constant -1.653 -25.53
Female -0.753 -23.11
Age

16 - 40 years 2.852 62.91

41 - 60 years 2.514 60.86
Education Level

High School 0.520 11.08

College, associate or bachelors 0.981 20.21

Post Graduate, Masters or PhD 1.370 21.78
Presence and age of own children

Presence of children of age <16 years 0.288 7.02

Female with own children under 6 years -1.048 7.5
Ethnicity

White -0.170 -3.47

Hispanic -0.184 -3.43

African American -0.230 -2.97

Goodness of Fit Measures

Number of Observations
Log Likelihood Function
McFadden's LRI

26689
-13504.00
0.2701




Table A-5 Employment industry model

Variable C&g%?g&%ﬁﬁ;d Tr;rzzggr?z;?on Professional Business Government Retail
Parameter t-stat Parameter t-stat Parameter t-stat| Parameter t-stat Parameter t-stat
Constant -0.417 -5.88] -0.368 -2.6p 1.363 2011 74.1 -16.98 -0.005 -0.07]
Male 0.919 13.95 0.586 5.33 -0.491 -11.p9 -- -- 17Q. -2.69
Female*Non-Caucasian -- -- -0.594 -3.87 - - -6.10 -1.04 - -
Age 16 to 25 years -0.323 -3.5 -0.215 -1.93 0.341| 5.02 -- -- 0.665 7.66
Age 26 to 40 years -- -- -- -- 0.127 3.38 -- -- -- --
Age 41 to 65 years -- -- -- -- -- -- -- -- -0.310 4.78
Education Level
High School -- -- -0.153 -1.58 -- -- -- -- -- --
Associates -0.378 -5.23 -0.191 -1.72 0.295 569 0.517 5.56 -- --
Bachelors -0.563 -6.36 -0.561 -4.26 0.834 1281 0.578 5.61 -0.127 -1.47
Post Graduate -0.861 -6.8 -0.759 -4.85 1.224 7614 0.719 5.65 -0.796 -5.54
Race
White -- -- -0.665 -7.56 -0.181 -3.28 -- -- -- - -
Asian -- -- -0.423 -2.33 -- -- -- -- -- --
Hispanic 0.263 4.01 -- -- -0.270 -4.1p -- -- 2656 -3.60
African American -0.547 -3.85 - -- - - 0.706 5.91 -0.421 -3.12
Goodness of Fit Measures
Number of Observations 17136
Log Likelihood Function 22543.00




Table A-6 Employment location choice model

Variable Parameter t-stat
LN (Population / 1¢) -0.066 -2.54
LN (Total Employment / 1%) 0.758 18.37
Fraction of Service employment * Professional besm 1.406 5.17
Fraction of retail employment 3.519 3.93
CBD 0.159 1.59
LN (Median Income /1%) 0.179 3.88
Same Zone 3.148 24.40
Adjacent zone 0.978 6.36
Auto IVTT -0.055 -22.97
Female*Auto IVTT -0.013 -3.71
Grade Less than 11* Auto IVTT -0.015 -1.82
Construction & Manufacturing * Maximum Manufactugimccessibility 0.224 2.11
Government*Maximum Armed forces accessibility 3.844 2.47
Professional Business* Maximum Art accessibility 0.459 1.68

Goodness of Fit Measures

Number of observations 786
Log-Likelihood Function -4478.82




Table A-7 Work Duration model

Work Duration: 35-45 hours

Work Duration: > 45 hours

Variable : :
Estimate t-stat Estimate t-stat
Constant 0.465 6.18 -0.587 -5.14
Age
16 to 40 1.082 13.88 1.351 14.17
41 to 60 1.099 14.09 1.443 15.24
Sex
Female -0.820 -13.26 -1.414 -24.32
Female with young kid -0.340 -4.20 -0.577 -5.17
Hispanic -- -- -0.437 -8.53
Education
High School -- -- 0.229 3.02
Associate or Bachelors -- -- 0.621 8.36
Post Graduate -- - 0.879 10.42
Industry
Construction 0.726 8.00 0.861 8.96
Government 1.195 8.45 1.195 6.71
Transportation 0.288 2.59 0.582 4.92
Professional * Female 0.120 2.13 - --
Government * Female -- - -0.358 -1.90
Government * age 41-60 -- -- -0.496 -3.05
Goodness of Fit Measures
Number of Observations
Log Likelihood Function -14060.00

Mc Fadden’s LRI




Table A-8 Work Schedule Flexibility Model

Variable Parameter t-stat

Threshold 1 0.054 241
Threshold 2 0.148 6.59
Threshold 3 0.339 15.08
Female -0.323 -15.22
Race

Hispanic -0.190 -4.31

White -0.237 -9.57
Industry

Professional -0.118 -5.06

Government -0.367 -7.73

Retail 0.108 2.85
Work Duration

less than 20 hours per week 0.589 12.23

between 20 to 40 hours per week 0.496 18.13
Education

Bachelors or Post graduate 0.158 7.20

Goodness of Fit Measures

Number of Observations 15261
Log Likelihood Function 847.00




Table A-9 Household Income Model

Variable Parameter t-stat
Threshold 1 0.000 -
Threshold 2 0.920 -
Threshold 3 1.250 -
Threshold 4 1.610 -
Threshold 5 2.010 -
Threshold 6 2.300 -
Threshold 7 2.710 -
Household Characteristics
White 0.629 45.65
Hispanic 0.150 9.15
Presence of elderly individuals (agé5 years) -0.041 -2.39
Number of individuals having high school degree 22.2 20.47
Number of individuals having college degree 0.487 6.39
Number of individuals having post graduate degree 708 47.43
Number of students in household -0.034 -5.02
Employment Type Variables
Number of people in Trade and Transportation 0.256) 17.04
Number of workers in Professional business 0.304 .5@9
Number of workers in Government sector 0.304 29.50
Number of workers in Retail and repair 0.191 9.81
Number of workers in construction and management 304. 29.50
Number of workers in other business 0.256 17.04
Variance 0.702 143.69
Goodness of Fit Measures
Number of Observations 13117
Log Likelihood Function -24056.58




Table A-10 Residential Tenure Model

Variable Parameter t-stat
Constant -0.334 -4.85
Large Household (size5) 0.295 3.76
Income level
Medium Income ($35,000 - $50,000) 0.801 13.07
Upper Middle Income ($50,00 - $74,999) 1.388 24.17
High Income ($75,000 - $150,00 or more) 2.125 33.04
Household Characteristics
Hispanic Household -0.456 -8.85
African American Household -0.621 -10.52
Single Adult Household -2.723 -24.90
Age of the Adult in Single Adult Household 0.050 24.01
Household with elderly persons 1.782 21.26
Presence of children in household (agkb) 0.286 5.65
Number of workers in household -0.131 -4.20
Household with high education persons (at leastpmst grad student) 0.167 2.89
Goodness of Fit Measures
Number of Observations 13749

Log Likelihood Function

-7260.90




Table A-11 Housing Type for Owners

Single-family detached

Single-family attached

Mobé home or trailer

Variable
Parameter t-stat Parameter t-stat Parameter t-stat
Constant -- -- -1.397 -8.42 -1.699 -8.71
Income Level
Middle Income ($35,000-$50,000) 0.965 6.83 1.066 6.20 -- --
Upper Middle Income ($50,00 - $74,999) 1.501 10.5 1.749 10.90 -- --
High Income ($75,000 - $150,00 or more) - -- - -- -2.428 -13.14
Household Characteristics
Household size 0.126 2.59 -0.376 -5.44 - -
Single Adult Household -0.294 -3.22 -- -- -- --
Household with elderly persons (agé5) -0.160 -1.52 -0.525 -4.05 -- --
Household with children (age15) -- -- 0.228 1.64 -- --
Caucasian Household - -- - -- 0.612 4.81
Highest education in household is bachelors gindti 0.602 5.79 0.969 7.61 -- --
Goodness of Fit Measures
Number of Observations 8377
Log Likelihood Function -4176.75




Table A-12 Housing Type for Renters

Single-family detached Single-family attached Aparnent
Variable Parameter t-stat Parameter t-stat Parameter t-stat
Constant -1.379 -8.74 -1.626 -11.20 -- --
Household Income
Low Income (< $35,000) -0.144 -1.77 0.122 1.31 -- --
High Income (> $75,000) 0.220 1.97 0.348 2.59 -- --
Race of Household
Caucasian 0.325 3.32 - - - --
Asian -0.364 -2.28 -- -- -- --
Hispanic 0.354 3.23 0.821 8.80 -- --
African American -- -- -- -- 0.170 1.76
Other Household Characteristics
Household size 0.356 10.75 0.174 3.82 -- --
Household with elderly persons (agé5) -0.148 -1.23 -0.260 -1.84 -- --
Household with children (age15) -- -- 0.229 2.13 -- --
Single Adult Household -- -- -- -- 0.172 2.14
Highest education in household is bachelors gindri -0.338 -4.35 -0.278 -3.14 -- --
Goodness of Fit Measures
Number of Observations 5113
Log Likelihood Function -4835.68




Table A-13 Estimation Results of MDCEV Component foVehicle Holdings

Household Race

Variable Black Hispanic Asian Caucasian Number of Adult
Param. t-stats Param. t-stats Param. t-stats Param. | t-stats Param. t-stats

Sub-compact -1.017 -1.90 -- -- -- -- -- -- -0.266 2.32
Compact car -- -- -- -- -- -- -0.074 -1.19 -0.147 171
mid size car -- - - - - - - - -0.263 -3.21
Large car 0.53 2.04 -- -- -- -- -- -- -0.151 -1.4p
Small SUV - - - -- - - -- - -0.488 -4.64
Mid Sized SUV -- - - - - - - - -0.469 -4.31]
Large SUV -- - - - -0.316 -1.58 -0.187 -2.37 195 -2.10
Van - - - - -1.336 -4.16 -- -- -0.121 -1.25
Pickup -0.888 -2.90 -- - - - - - -0.254 -3.18
Less than 2 years -- -- -- -- -- -- -- -- -- --
2 to 3 years -- -- -- -- -- -- -- -- -- --
410 5 years 0.234 1.31 -- - 0.334 2.29 - - - - -
6 to 9 years -- -- -- -- -- -- -- -- -- --
10 to 12 years -- -- -- -- -- -- 0.089 1.66 -- --

More than 12 years




Table A-13 (Continued) Estimation Results of MDCEMComponent for Vehicle Holdings

Number of Male Household Income Number of Children by age group Number of Senior
Variable Adults 0-4 years 5-12 years 13-15 years Member

Param. {-stats Param. {-stats Param. t-stats| Param. t-stats | Param. t-stats | Param. {-stats
Sub-compact -- -- 0.025 1.82 -0.468 2 -- 373. -1.92 -0.182 -3.36
Compact car -0.142 -2.45 -- -- -0.138 -0.119-1.89 -- -- -- --
mid size car -- -- 0.033 4.94 - -0.201 -3.23 - - - --
Large car -- -- 0.068 6.13 -- -0.232 -1.7p -- - 0.207 3.14
Small SUV -- -- 0.037 2.89 -0.238 -0.219 21.5 -- -- -- --
Mid Sized SUV -0.085 -0.98 0.052 5.70 -- -- - - -- -- --
Large SUV -- -- 0.090 10.70 0.376 0.229 3.891 .330 4.37 -- --
Van -- -- -- -- 0.353 4.19 0.476 6.43 0.481 5.3 -- --
Pickup -- -- 0.030 3.48 -- -- - -- -- -0.097 69
Less than 2 years -- -- -- -- -- -- -- -- -- -- -- --
2 to 3 years -- -- -- -- 0.106 1.88 -- -- -- -- -- --
4 to 5 years -- -- -0.011 -1.43 -- -- -- -- -- -- - - --
6 to 9 years -- -- -0.031 -5.21 -- -- -- -- -- -- - - --
10 to 12 years -- -- -0.062 -7.93 -- -- -- -- -- -- -- --
More than 12 years -- -- -0.099 -14.2f -0.156 -2.81 - -- -- -- -- --




Table A-13 (Continued) Estimation Results of MDCEVComponent for Vehicle Holdings

Highest education level attained in household | Number of Workers Mean distance to Satiation
Variable work calculated Parameter*
among workers (in
Bachelor or Associate Post graduation miles)

Param. t-stats Param. t-stats Param. t-stats Param. t-stats Param. t-stats
Sub-compact -0.202 -1.57 -- -- -- -- -- -- 0.806 804.
Compact car -- -- 0.309 4.15 -- -- -- -- 0.830 7.59
mid size car -- -- 0.146 2.01 - -- -0.465 -2.13 831 7.81
Large car -0.139 -1.32 -- -- -0.320 -4.2"5 -- -- 458 5.57
Small SUV - - - - - - -- - 0.737 6.64
Mid Sized SUV -- - - -- 0.082 1.49 - - 0.842 38.
Large SUV -0.179 -1.96 -0.375 -3.43 - - - - @58 6.75
Van - -- 0.281 2.58 -- - -- -- 0.847 5.62
Pickup -0.142 -1.74 -0.595 -5.54 - -- 0.469 200 .79 7.42
Less than 2 years -- -- -- -- -- -- -- -- -- --
2 to 3 years 0.072 1.08 -- -- - - 0.598 2.67 6.83 4.11
4to 5 years -- -- -- -- -- -- -- -- 0.830 4.10
6 to 9 years 0.113 2.08 -- -- -- -- -- -- 0.826 U3
10 to 12 years -1.017 -1.90 - - - -- - - 0.808 4.23
More than 12 years -- -- -- -- -- -- -- -- 0.737 54.

* The t-statistics for the satiation parameterscan@puted with respect to the value of 1.



Table A-13 Estimation Results of MNL Component forPrimary Driver Allocation

Age Race
Variable 16 to 25 years 26 to 40 years 41 to 65 years Female Calaas
Param. t-stat | Param. t-stat| Param. t-stat[ Param. istat Param. t-stat

No vehicle -- -- -- -- -- -- -- -- -- --
Sub-compact -- -- -0.271 -3.06 -0.294 -4.25 -0.248 -4.59 -0.274 -2.06
Compact car -- -- -0.271 -3.06 -0.294 -4.25 -0.248 -4.59 -- --
mid size car -0.359 -3.44 -0.26 -2.11 -0.239 -3{03-0.249 -4.91 -- --
Large car -0.359 -3.44 -0.26 2.1 -0.239 -303 6140. -8.72 -- --
Small SUV -- -- -- -- -- -- -0.614 -8.72 -- --
Mid Sized SUV -- -- -- -- 0.172 2.09 -- -- -- --
Large SUV -0.627 -3.45 -- -- 0.151 1.7p -0.231 -3. -- --
Van -0.951 -4.83 -0.4 -3.3] -- -- -- -- -- --
Pickup -0.825 -6.86 -0.215 -2.24 -- -- -1.987 -23. -- --
Less than 2 years -0.468 -3.16 -- - -- - 0.573 .011| 0.086 1.89
2 to 3 years -- -- -- -- -- -- 0.573 11.0 0.086 89.
4 to 5 years -- -- -- -- -- -- 0.581 9.62 0.086 .8
6 to 9 years -- -- -- -- -- -- 0.43 8.52 0.086 1.8
10 to 12 years -- -- -- -- -- -- -- -- -- --
More than 12 years -- -- -- -- -- -- -- -- -- --




Table A-13 (Continued) Estimation Results of MNL Conponent for Primary Driver Allocation

Education Level

Employment Status

Distance to work less

10 to 12 years
More than 12 years

Variable Bachelor or Associate Worker than 10 miles
Param. t-stat Param. t-stat Param. t-stat

No vehicle - -- - - -- -
Sub-compact -- -- 0.143 2.35 -- --
Compact car -- -- 0.143 2.35 -- --
mid size car - -- 0.090 1.43 - -
Large car -- -- 0.070 0.83 -- --
Small SUvV -- -- 0.070 0.83 -- --
Mid Sized SUV -- -- -- -- 0.073 0.90
Large SUV -- -- -0.231 -3.63 0.073 0.90
Van -- -- -0.231 -3.63 -- --
Pickup -- -- -- -- -- --
Less than 2 years 0.060 1.31 0.103 2.23 -0.062 1-1.
2 to 3 years 0.060 1.31 0.103 2.22 -0.062 -1.2
4 to 5 years 0.060 1.31 -- -- -- --
6 to 9 years -- -- -- -- -- --




Table A-14 Vehicle Make Model

Variable Parameter t-stat
Front Wheel Drive 0.317 6.96
Rear Wheel Drive 0.214 5.28
Base Wheel radius 0.016 4.82
Length 0.003 1.06
Width 0.007 1.69
Height 0.030 7.08
Annual fuel cost ($)/(1%) -0.300 -4.78
Greenhouse Gas Rating 0.065 6.09
Purchase price($) / Household Income ($) -0.383 186.
Length of vehicle * Household Size greater than 2 .000 1.88
Horse Power 0.001 3.25
Engine Liters -0.005 -2.08
Horse Power/Liters -0.006 -5.69
Honda 1.071 28.29
Toyota 1.206 36.97
BMW 0.195 2.74
Chevrolet 0.524 13.57
Ford 0.719 20.05
Dodge -0.192 -3.55
Nissan -0.103 -1.81
Volkswagen 0.196 2.77




Table A-15 Annual Mileage Model

Variable Parameter t-stat

Constant 1.937 64.00
Household Size 0.225 11.68
Number of workers 0.128 8.45
Number of senior adults -0.078 -4.36
Household Income ($)/1000 0.002 11.29
Number of male adults 0.028 1.24
Number of children ( 15 years) -0.175 -7.73
Mean distance to work (miles/100) 0.008 13.12




Appendix B.1 Generation-Allocation Model System

Table B.1.1 Child’s Decision To Go to School (Mod€bAQ1)

Explanatory Variable Param. t-stat.

Constant -0.719 -7.08
Highest level of education completed
No School (Base) -- --

Grade less than 6 1.038 11.69

Grade 7 to 12 0.979 10.06
Ethnicity

Caucasian 0.219 2.64

Hispanic 0.363 4.38

Household Income
Income greater than $ 100K 0.311 3.36




Table B.1.2 Child’s school start time (Model GA02)

Explanatory Variable Param. t-stat.
Number of employed adults -0.185 -4.58
Age -0.133 -8.92
Highest level of education completed
Grade less than 6 -0.526 -4.08
Grade between 7 to 12 -0.508 -2.75
Ethnicity
African-American -0.360 -3.13
Asian and Pacific Islander 0.178 1.14
Household Income
Income between $25K and $100K 0.445 6.04
Income greater than $100K 0.601 5.62
Threshold parameters
Threshold01 (0 to 260.5) -19.643 0.90
Threshold02 (260.5 to 270.5) -4.143 -23.39
Threshold03 (270.5 to 280.5) -3.114 -19.06
Threshold04 (280.5 to 285.5) -2.684 -17.06
Threshold05 (285.5 to 290.5) -2.323 -15.30
Threshold06 (290.5 to 295.5) -2.023 -13.74
Threshold07 (295.5 to 300.5) -1.573 -11.20
Threshold08 (300.5 to 310.5) -1.160 -8.52
Threshold09 (310.5 to 320.5) -0.755 -5.57
Threshold10 (320.5 to 330.5) -0.428 -3.05
Threshold11 (330.5 to 350.5) 0.058 0.37
Threshold12 (350.5 to 400.5) 0.619 3.14
Standard error of the heterogeneity term 0.706 86 8.




Table B.1.3 Child’s school end time (Model GAQ3)

Explanatory Variable Param. t-stat.
Number of workers in the household 0.192 3.9¢
Number of Vehicles in the household -0.084 -2.29
Highest level of education completed
Grade less than 6 -0.778 -8.32
Ethnicity
Caucasian -0.153 -2.14
African-American 0.548 4.05
Household Income
Income greater than $100k 0.292 291
Threshold parameters
Threshold01 (0 to 240.5) -18.173 -0.13
Threshold02 (240.5 to 300.5) -3.057 -24.56
Threshold03 (300.5 to 420.5) -0.876 -8.77
Threshold04 (420.5 to 430.5) 0.013 0.11
Threshold05 (430.5 to 440.5) 0.325 2.38
Threshold06 (440.5 to 450.5) 0.643 4.02
Threshold07 (450.5 to 460.5) 0.917 4.97
Threshold08 (460.5 to 480.5) 1.129 5.47
Threshold09 (480.5 to 540.5) 1.485 5.98
Threshold10 (540.5 to 600.5) 2.287 6.28
Threshold11 (600.5 to 660.5) 3.563 6.0
Standard error of the heterogeneity term 0.97| 5009.




") & 5 017% -8
Explanatory Variables Param. t-stat.
Constant 1.290 17.72
Highest level of education completed
Associate or Bachelor degree 0.130 2.98
Post graduate 0.250 3.99
Weekly work duration
Between 0 and 20 hours -1.094 -13.99
Between 20 and 40 hours -0.266 -5.75
Work flexibility
Medium work flexibility -0.220 -2.81
High work flexibility -0.610 -13.69
Number of children in the household -0.186 -7.35
Number of workers in the household -0.074 -2.77
Ethnicity
African-American -0.252 -3.12




Table B.1.5 Work start and end times (Model GAQ5S)

Explanatory Variables Param. t-stat.
Arrival-time function
Sin(2t4/24) -0.072 -4.79
Sin(4t4/24) -0.073 -4.71
Sin(6t4/24) -0.254 -14.64
Cos(2t/24) -0.086 -4.06
Cos(4t,24) -0.052 -2.56
Cos(6t424) -0.145 -6.38
Departure-time function
Sin(2ty/24) -0.116 -7.34
Sin(4ty/24) 0.035 2.03
Sin(6t4/24) 0.062 3.99
Cos(2t4/24) -0.030 -1.53
Cos(4ty4/24) -0.121 -6.86
Cos(6t4/24) 0.122 6.46
Duration function
Duration 16.875 7.29
Duratiof -194.998 -10.75
Duration 907.059 14.77
Duratiof -1722.461 -17.05
Duration 1426.281 17.97
Duratiof -430.409 -18.09
Size Variables
Num. of 15 min. periods in the arrival &émperiod 0.074 19.05
Num. of 15 min. periods in the departimeetperiod 0.026 15.94
Mother—Departure Time
Sin(2ty/24) * Mother -0.201 -4.89
Sin(4t4/24) * Mother -0.099 -2.11
Sin(6t4/24) * Mother -0.006 -0.14
Cos(2t4/24) * Mother 0.044 0.77
Cos(4ty/24) * Mother -0.139 -3.02
Cos(6ty/24) * Mother 0.073 1.42




Table B.1.5 (cont.) Work start and end times (ModeGA05)

Explanatory Variables Param. t-stat.
High work flexibility-Arrival Time
Sin(2t4/24) * High Flexibility 0.000 --
Sin(4t4/24) * High Flexibility -0.085 -1.89
Sin(6t4/24) * High Flexibility 0.000 --
Cos(2ty/24) * High Flexibility 0.113 2.11
Cos(4t4/24) * High Flexibility 0.000 --
Cos(6ty/24) * High Flexibility 0.000 --
Work duration > 40 hours/week—Arrival Time
Sin(2t4/24) * Work duration > 40 hours/week 0.000 --
Sin(4t4/24) * Work duration > 40 hours/week 0.000 --
Sin(6t4/24) * Work duration > 40 hours/week 0.063 2.26
Cos(2ty/24) * Work duration > 40 hours/week 0.000 --
Cos(4t4/24) * Work duration > 40 hours/week 0.000 --
Cos(6ty/24) * Work duration > 40 hours/week 0.085 2.47
Expected Home to Work IVTT 0.018 5.97
Expected Home to Work Travel Cost -0.333 -1.22
Expected Work to Home IVTT 0.017 4.33
Expected Home to Work IVTT * Female -0.022 -2.64
Expected Home to Work Travel Cost * Female -2.57 -1.50
Expected Work to Home IVTT * Female -0.028 -2.35
Expected Work to Home Travel Cost * Female -6.14 -1.92




Table B.1.6 Adult’'s decision to go to school (Mod&bAQ6)

Explanatory Variable Param. t-stat.
Constant 0.427 2.78
Highest level of education completed

Grade less than 11 0.917 9.32

High School 0.224 2.32
Household Income

Income between 25 and 100K -0.201 -2.14

Income between 100 and 150K -0.379 -2.42

Income Greater than 150K -0.735 -3.42
Age -0.037 -10.60
Total number of children at home -0.510 -8.36
Total number of vehicles 0.052 1.52

Table B.1.7 Adult’s school start time (Models GAQ7)

Explanatory Variable Param. t-stat.
Constant 5.599 219.12
Highest level of education completed

Associate Degree 0.145 5.03

Bachelor or postgraduate 0.232 7.18
Household Income

Income between 100K and 150 K -0.071 -1.89

Income greater than 150K -0.079 -1.43
Adult son or daughter in a single-parent or nucfaarily household 0.102 3.76
Age 0.011 10.35
Mother 0.090 2.77
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Explanatory Variable Param. t-stat.
Constant 6.225 99.95
Highest level of education completed

High School -0.250 -5.40

Associate degree -0.246 -4.79
Adult son or daughter in a single-parent or nucfamily household -0.167 -3.19
Adult in Single Member Household -0.242 -3.68
Age -0.013 -7.44
Total number of vehicles -0.051 -3.10

Mother -0.288 -4.38
Female -0.106 -2.70
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Explanatory Variables Param. t-stat.
Drive by parent
Number of non-school going children -0.289 -3.82
Both parents work 0.730 4.31
Both parents work starts earlier toosth -3.071 -6.58
Drive by other
Constant -8.649 -9.53
Age 0.219 3.67
Hispanic -1.264 -2.80
Distance to school 0.024 1.73
Number of employed adults 1.431 5.47
Number of unemployed adults 1.311 7.00
School Bus
Constant -1.708 -6.70
Age 0.136 6.73
Caucasian -0.299 -2.28
Distance to school 0.021 3.39
Total number of vehicles -0.337 -4.79
Number of unemployed adults 0.155 1.88
Walk or Bike
Constant -1.155 -4.69
Age 0.113 6.49
Hispanic 0.426 3.77
African American 0.675 3.22
School zone is adjacent to home 0.298 2.89
Distance to school -0.059 -3.91
Total number of vehicles -0.852 -12.20
Number of employed adults 0.609 6.33
Number of unemployed adults 0.534 6.47
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Explanatory Variables Param. t-stat.
Drive by parent
Number of children not going tihsol 0.777 1.79
Father works on the specific day -0.314 -2.72
Mother works on the specific day -0.172 -1.29
Pickup by other
Constant -6.893 -9.51
Age 0.149 2.74
Total number of vehicles -0.372 -2.14
Number of employed adults in tio@isehold 1.306 5.71
Number of unemployed adults ia liousehold 0.588 3.61
School bus
Constant -2.242 -8.64
Age 0.167 8.96
Hispanic 0.350 2.85
Total number of vehicles -0.333 -5.17
Number of unemployed adults ia liousehold 0.292 3.20
Number of children not going theol 0.986 2.27
Walk or bike
Constant -1.383 -6.05
Age 0.171 10.67
Hispanic 0.616 5.73
African-American 0.466 2.58
Distance to school -0.021 -2.14
Total number of vehicles -0.613 -9.97
Number of employed adults in tioeisehold 0.093 1.35
Number of unemployed adultshie household 0.336 4.03
Number of children not goingstthool 0.957 2.22
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Father Mother
Explanatory Variables
Param. t-stat Param. t-stat.
Constant -0.064 -0.25 - -
Number of children going to school -0.49 -3.95 - - --
Work duration -0.005 -9.40 -0.00% -9.40
Work starts earlier than school -3.284 -11.66 3.284 -11.66
"t & (.&1%. . $7'% -8
) Father Mother
Explanatory Variables
Param. t-stats Param. t-stat.
Constant -0.439 -1.78 -- -
Number of children going to school -0.483 -3.55 - -
Work ends later than school -2.789 -9.74 -2.789 -9.74




Table B.1.13 Binary Logit Model to Determine Houseblds with Non-Zero Out of Home Activity Durations (Model GA13)

Explanatory Variables Param. t-stat.
Constant 0.388 3.11
Household Characteristics
Vehicles
One vehicle -0.983 -12.40
Two vehicles -1.182 -13.59
Three vehicles -1.400 -13.11
Four or more vehicles -1.310 -9.71
Own home -0.167 -3.58
Multiple workers -1.162 -14.21
Number of non-workers -0.220 -5.45
Number of seniors 0.061 1.66
Number of school-going children -1.540 -19.21
Number of non-school-going children -0.087 -2.22
Number of female adults -0.056 -1.55
Total work and school duration (minutes) 0.002 15.76
Average work and school end time (minutes 00 0.192 2.47
Income less than $35,000 0.142 3.04
Accessibility Measures
Retail and service employment accessibilitwofk zone -0.060 -3.67
Population accessibility 0.013 2.67
Retail employment accessibility of work zoime{000's) 0.215 2.56
Miles of freeway within 10 minutes (in 2000600 -1.413 -1.25
Miles of arterial within 10 minutes (in 10001X) -0.686 -1.68
Miles of minor arterial within 10 minutes (I®00000s) -0.936 -2.25
Miles of collector within 10 minutes (in 1000Is) 0.264 1.86
Miles of ramp within 10 minutes (in 27000000s) 3.872 2.24
Maximum number of retail employees reachahthiw 10 minutes (in 10000s) -0.526 -2.40
Maximum number of financial employees reacbatithin 10 minutes (in 10000s) -0.859 -3.75
Maximum number of professional employees rabtghwithin 10 minutes (in 10000s) 0.481 2.70
Maximum number of education employees rea&haithin 10 minutes (in 10000s) 0.891 4.19
Maximum number of art employees reachableiwitld minutes (in 10000s) 0.780 3.09




Table B.1.14 Determination of total out-of home tira of a household (Model GA14)

In-home Time Out-home Time Travel Time
Explanatory Variables
Param. t-stat. Param. t-stat. Param. t-stat.
Constant - - -1.396 -9.12 -2.002 -24.28
Household characteristics
Household Size
Number of adult non-workers and non-students - -- -0.170 -4.10 -0.304 -5.77
Number of senior adults -- -- -0.232 -5.08 -0.119 1.75
Vehicles
One vehicle -- -- 0.306 2.07 -- --
Two vehicles -- -- 0.352 2.37 -- --
Three vehicles - - 0.436 0.16 - -
More than three vehicles -- -- 0.460 0.18 -- --
Work or school characteristics
Work
Total work or school duration/1000 -- -- -0.594 94. -0.207 -2.62
Average work or school end time/1000 -- -- 522 -2.60 -- --
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Explanatory Variables Parameter t-statistic
Household Demographics
Number of school going children
Activity Purpose (Base is maintenance activity psg)
Shopping -0.131 -4.64
Entertainment -0.069 -1.71
Visiting Friends 0.025 0.76
Active Recreation 0.194 6.40
Eat-out -0.284 -8.99
Other 0.636 21.60
Work-related 0.214 5.57

Number of non-school going children

Activity Purpose (Base is maintenance activity psg)
Shopping -0.155 -6.48
Social -0.323 -5.90
Eat-out -0.161 -5.59
Other 0.666 24.31
Work-related 0.139 4.70

Number of senior adults

Activity Purpose (Base is work-related activity pose)
Shopping 0.766 13.85
Maintenance 0.867 15.97
Social 0.984 14.32
Entertainment 0.756 11.06
Visiting Friends 0.625 10.03
Active Recreation 0.777 12.44
Eat-out 0.733 12.15
Other 0.479 6.57

High Income Household (Income> $100K)

Activity Purpose (Base is work-related and actigereation purposes)
Shopping -0.227 -5.02
Maintenance -0.233 -5.13
Social -0.427 -4.46
Entertainment -0.319 -4.20
Visiting Friends -0.656 -10.40
Other -0.307 -4.65

Number of participating people
One 0.522 6.21
At least two people 0.101 1.22
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Explanatory Variables Parameter | t-statistic
Total number of vehicles
Activity Purpose (Base is work-related activity pose)

Shopping -0.241 -10.32
Maintenance -0.283 -12.71
Social -0.168 -4.92
Entertainment -0.234 -7.38
Visiting Friends -0.124 -4.66
Active Recreation -0.151 -5.30
Eat-out -0.239 -9.45
Other -0.275 -9.05
Individual Characteristics
Latest Work End time among people in the altereatin
Activity Purpose
Shopping -1.321 -7.84
Social -1.058 -2.40
Entertainment -0.648 -5.59
Active Recreation -0.770 -2.71
Other -2.325 -7.84
Work-related -3.133 -14.32
Maximum Work Duration among people in the alteivefin
Activity Purposg
Shopping -1.153 -19.09
Maintenance -1.153 -19.09
Social -0.377 -1.44
Active Recreation -0.023 -0.13
Eat-out 0.189 4.41
Other 0.331 1.96
Work-related 0.825 6.70
Number of children among the people in the alteueat
Number of participating people
One -0.639 4.83
Interaction of Number of participating people amttigity purpose
Shopping*At least two participating people 0.457 9.44
Maintenance*At least two participating people -0.640 7.53
Social*At least two participating people 0.457 9.44
Entertainment*At least two participating people 0.040 0.55
Number of adults with school drop-off/pick-up cotnmeints in the
Activity Purpose
Shopping 0.559 7.53
Maintenance 0.390 4.83
Eat-out 0.803 9.44
Work-related -0.505 -3.34
Presence of a woman adult and a child in the ali&ue
Number of participating people
At least two people 0.036 1.32
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Explanatory Variables Parameter | t-Statistic
Accessibility Measures
Retail and Service Employment Accessibility
Activity Purpose
Shopping 0.014 2.30
Maintenance 0.011 1.82
Entertainment 0.022 2.13
Active Recreation 0.071 8.57
Eat-out 0.046 6.69

Population Accessibility

Activity Purpose
Shopping -0.008 -4.09
Maintenance -0.006 -3.10
Entertainment -0.008 -2.51
Active Recreation -0.023 -8.45
Eat-out -0.017 -7.86

Baseline Preference Constants

Activity Purpose (Base is work-related activity)
Shopping 1.478 16.00
Maintenance 1.503 16.85
Social -0.870 -10.80
Entertainment -0.534 -3.91
Visiting Friends -0.226 -3.41
Active Recreation -0.272 -2.21
Eat-out 0.638 5.96
Other -0.583 -7.38

Number of participating people
Two -1.666 -59.35
Three -2.598 -60.91
Four -2.568 -42.43
Five -2.006 -19.70

Interaction of Number of participating people amttigity purpose
Shopping*At least two participating people 0.2¢ 3.60
Entertainment*At least two participating people .53r 5.93
Eat-out*At least two participating people 0.40 .66

Translation Parameters

Activity Type
Shopping 3.639 155.23
Maintenance 3.754 119.46
Social 5.123 59.88
Entertainment 6.108 81.48
Visiting Friends 5.442 116.99
Active Recreation 5.107 85.85
Eat-out 3.673 99.72
Other 5.126 130.82
Work-related 6.343 96.83

Number of participating people
Two 1.027 23.14
Three 1.615 18.64
Four 2.295 13.88
Five 3.025 7.13




Table B.1.16 Independent and Joint Activity particpation for all household
(Model GA16)

members for household sizamore than five

Maintenance

Shopping

Visit

Social

Entertainment

Explanatory Variables

Param.

t-stat.

Param.

t-stat.

Param.

t-stat.

Param. | t-stat.

Param.

t-stat.

Constant
Household characteristics
Household size equal to 6 or 7
Income
Less than $34,999
Between $35,000 and $74,999
Person-level characteristics
Female
Child
Worker
Student
Pick up from school
Drop off to school
Caucasian
Work duration
Residence Zone Characteristics
Retail and Service Employment Accessibility
CBD
Number of households in zone
Zonal Population

Number of Construction employees reachalyle

within 10 minutes/10000
Number of Transportation employees
reachable within 10 minutes/10000

1.167

3.339

5.36

0.448

0.978

1.45

411

-0.694

-2.03

15

-1.262

H9  463B.

2.004

-0.645

-4.11

3.07




Table B.1.16 Independent and Joint Activity particpation for all household members for household sizemore than five
(Continued) (Model GA16)

Maintenance

Shopping

Visit

Social

Entertainment

Explanatory Variables

Param. t-stat.

Param. t-stat.

Param.

Param.

t-stat. Param.

t-stat.

Param.

Number of Finance employees reachable
within 10 minutes/10000

Number of Education employees reachab
within 10 minutes/10000

Number of Health employees reachable
within 10 minutes/10000

Number of Art employees reachable withi
10 minutes/10000

Satiation parameters (g)

e

=)

11 38.147 9.30

-1.063

113.331

-1.29

6.89

3.271

6.44

P6

4.6




Table B.1.16 (cont.) Independent and Joint Activityparticipation for all household members for housebld size more than five
(Model GA16)

Explanatory Variables

Active recreation

Eat

Other

Work related

Other serve
passenger

Param.

t-stat.

Param.

t-stat.

Param.

t-stat.

Param.

t-stat.

Param.

t-stat.

Constant -0.891
Household characteristics
Household size equal to 6 or 7 --
Income --

Less than $34,999 -
Between $35,000 and $74,999
Person-level characteristics
Female --
Child
Worker --
Student --
Pick up from school
Drop off to school --
Caucasian --
Work duration --
Accessibility Measures
Retail and Service Employment Accessibility] --
CBD --
Number of households
Zonal Population --

Number of Construction employees reachab
within 10 minutes/10000

Number of Transportation employees reachgble
within 10 minutes/10000

Number of finance employees reachable withjin

D

10 minutes/10000

-3.04

0.145

-1.014
79 0.467

0.49

-0.910

0.881

-2.9

3.52

0.349

1.011

551.




Table B.1.16 (cont.) Independent and Joint Activityparticipation for all household members for housebld size more than five
(Model GA16)

. Active recreation Eat Other Work related Other serve
Explanatory Variables passenger
Param. t-stat. Param. t-stat. Param. Param. t-stat. Param. t-stat. Param.
Number of education employees reachable within 10
minutes/10000 - - -0.753 -1.29 - - - - - -
Number of health employees reachable within 10 B _ B B B 3 3 3 3 3
minutes/10000
Number of art employees reachabl
minutes/10000 - - 2.436 3.16 - - - - - -
Satiation parameters (g) 120.183 6.34 41.494 7.25 112.430D 7.0 343.286 4)2212.583 11.46




Table B.1.17 Decision of an adult to undertake otheserve-passenger activities (Model GA17)

Explanatory Variables Param. t-stat.

Constant -3.076 -35.38

Activity Type
Maintenance activities 0.670 16.24
Shopping activities 0.554 13.26
Visit 0.278 477
Social activities 0.588 7.57
Entertainment 0.344 4.66
Active recreation 0.250 3.86
Eat-out activities 0.624 14.02

Household Characteristics

Number of school going children 0.298 11.64
ls\lcuhrglgler of children not going to 0.199 7 86
Number of adult workers 0.254 7.71
Number of adult non-workers -0.084 -2.4
Single person household -0.193 -2.58

=

Single parent household 0.272 3.6




Appendix B.2 Joint Activity Scheduling Model System

nan ) & ; . 7! $ - 8
Explanatory Variable Param. t-stat.
Constant 0.8 2.78
Number of senior adults in joint activity -0.231 -1.55
Number of school going children in joint activity 0.589 3.76
Number of non-school going children in joint aitti 1.036 6.33
Number of adults who went to school or work 0.235 1.39
Number of adults who made drop off 0.726 3.09
Number of people participating in joint activity -0.495 -3.35
Maximum work or school end time among participgti people (in 1000s) - 0.450 -2.41
nn ; _& , 7| $ ;_ 8
Explanatory Variables Param. t-stat.
Constant 5.609 156.58
Number of senior adults in joint activity -0.148 -5.51
Number of non-school going children in jointigity -0.046 -1.89
Number of adults who went to school or work 31 3.14
Number of adults who made drop off -0.417 -5.96
Joint travel 0.263 7.21
Maximum work or school end time among partidipgipeople -0.002 -23.82




Table B.2.3 Joint Activity travel time to stop (Model JASCHO3)

Explanatory Variables Param. t-stat.
Constant 2.191 32.66
Household Characteristics

Number of senior adults in joint activity -0.043 -1.76
Number of school going children in joamtivity -0.328 -7.20
Number of non-school going children imjaactivity -0.199 -5.37
Number of adults who went to school orkvo -0.099 -3.52
Number of adults who made drop off -0.195 -2.68
Number of people participating in joimtisity 0.280 7.67
Joint Activity Type
Shopping activities -0.124 -3.21
Social activities 0.194 3.19
Entertainment 0.380 5.23
Eating-out activities -0.139 -2.96
Table B.2.4 Joint Activity location (Model;- ! )

Explanatory Variables Param. t-stat.
Auto in vehicle travel time -0.075 -40.34
Maximum number of art employees reachable wiflti minutes* Entertainment 1.343 1.063
Retail and Service Employment Accessibility {DD0s) 0.152 5.69
Same zone as home zone 2.277 10.79
Adjacent zone to home 1.624 10.26
Population Accessibility -0.018 -6.66
Maximum number of agriculture employees reatshalithin 10 minutes -3.085 -2.20
Maximum number of retail employees reachabl&iwil0 minutes 1.937 3.89
Maximum number of professional business emmeyeachable within 10 minutes -0.568 -2.59




Table B.2.5 Vehicle Used For the Joint Home-Basedolir (Model ;- 6 )
Explanatory Variables Parameter t-statistic
Annual Fuel Cost (in 100000s dollars) 0.067 6.71
Horse Power 0.005 3.24
Engine (Liters) -0.273 -4.37
Car 0.392 4.10
Van 0.843 6.31
SUV 0.572 4.34
Annual Fuel Cost (in 100000s)*Joint Activities d£& 2 * Distance to Destination more than 20 miles -0.019 -3.11
Length of vehicle* Joint activity of size equal2o -0.008 -17.80
Length of vehicle*Joint activity of size greateath2*Distance to Destination more than 20 miles 002. 1.89




Appendix B.3 Worker Scheduling Model System
Table B.3.1 Commute mode (Model WSCHO01)

) Drive Solo Drive With Shared Ride Walk Transit
Explanatory Variables Passenger
Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat.
Constant -- -- -1.975 -16.43 7.613 4.06 6.242 3.32 6.783 33.4
Person and Household level characteristics
Household Income -- -- 0.002 -2.25 -0.007 -4.97 0.015 -6.70 -0.011 -3.89
Number of non-workers -- -- -0.291 -5.43 -- -- -- -- 0.127 1.38
Single person household -- -- -0.846 -6.31 -1.174 -6.64 -- -- -- --
Couple household -- -- -0.458 -4.54) -- -- -- -- - - --
Female -- -- -- -- 0.557 5.77 -- -- -- --
White -- -- -- -- -0.438 -4.09 -- -- -1.092 -5.18
Hispanic -- -- 0.285 3.28 -- -- -- -- -0.871 -4.37
Age 26 to 40 -- -- 0.240 3.158 -0.395 -3.3)7 -- -- -- --
Age 41 to 60 -- -- -- -- -0.510 -4.20 -- -- -- --
Mother -- -- 1.096 11.17 -- -- -- -- -- --
Licensed -- -- -9.289 -4.97 -8.927 -4.77 -9.83¢ -5.21
Type of Profession
Construction -- -- -- -- -- -- -0.795 -3.03 -- --
Professional -- -- -0.168 -2.24 -0.314 -3.11 -- - - -- --
Government -- -- -- -- -0.557 -2.03 -- -- -- --
Work Factors
Work location adjacent to home -- -- -- -- -- -- 1.341 8.21 -- --
IVTT to work (minutes) -0.008 -2.19 -0.008§ -2.19 -0.008 -2.19 -- -- -0.008 -2.19
OVTT to work (minutes) -0.014 -1.36 -0.014 -1.34 -0.014 -1.36 -- -- -0.014 -1.36
Distance (miles) -- -- -- -- -- -- -0.104 -6.13 - - --
Travel cost to work ($) -0.130 -1.93 -0.130 -1.9 -0.130 -1.93 - - -0.130 -1.93
Travel cost to work ($)/Household Incomg
($/1000) ®) -1.251 -1.82 -1.251 -1.82 -1.251 -1.8p -- -- -- --




Table B.3.2 Commute mode (Model WSCHO01)
Drive Solo Drive With Passenger Shared Ride Walk Tansit
Explanatory Variables
Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat.
Activity Participation
Serving passenger Activities -- -- 0.019 9.62 07a3. 3.26 -- -- -- --
Maintenance Activities - - 0.002 2.19 - -- - -- -- -
Shopping Activities - - 0.003 2.02 -0.021] -4.08 -0.012 -2.34 -- -
Visit Activities - - - -- -0.004 -1.99 -0.007 -1.93 - --
Eat-out Activities -- -- 0.003 2.39 -- -- -- -- - - --
Joint Shopping Activities -- -- -0.007 2.76 -- -- 0.011 2.72 -- --
Accessibility Measures
Max. number of employees (in
1000s) reachable within 10 minutes
from work
Construction -- -- -- -- 0.294 2.96 -0.241 -1.50 -- --
Retail - -- - - -- - - - 0.639 6.74
Transportation -- -- -- -- 0.120 1.39 -- -- -- --
Arts -- -- -- -- -- -- 0.485 3.30 -- --
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Number of Before Work Number of Work Based Number of After Work Tours
Explanatory Variables Tours (WSCHO02) Tours (WSCHO03) (WSCHO04)
Param. t-stat. Param. t-stat. Param. t-stat.

Threshold parameters

0 and 1 tour 4.016 44 .98 1.831 24.12 3.148 37.62

1 and 2 tours -- -- 3.099 38.25 4.657 50.51
Individual and Household level characteristics

Age between 41 and 60 years 0.195 4.18 -- -- -- - -

Is Mother 0.430 7.54 -- -- -- --

Student -- -- -0.322 -10.84 -- --

Hispanic -- -- -0.362 -11.14 -- --

Licensed -- -- -- -- 0.149 3.32

Professional -- -- -- -- 0.062 2.29

Single Parent HH 0.228 1.91 -- -- -- --

Couple HH -- -- 0.146 4.48 -- --

Number of Child 0.111 6.27 -- -- -- --

Number of School Going Children -- -- -- -- 0.091 6.08
Activity Participation

Serving Other Passenger 1.077 19.43 -- -- 0.804 21.49

Maintenance Activities 0.510 9.10 -- -- 0.794 23.15

Visit -- -- -- -- 0.940 19.75

Entertainment -- -- -- -- 0.936 16.99

Active Recreation 1.082 16.05 -- -- 0.957 20.01

Eat-out activities -- -- -- -- 0.731 21.28
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Explanatory Variables

Number of Before Work
Tours (WSCHO02)

Number of Work Based
Tours (WSCHO03)

Number of After Work
Tours (WSCHO04)

Param. t-stat. Param. t-stat. Param. t-stat.
Pattern-level attributes
Home to Work Stops -0.482 -10.27 0.183 7.14 -0.178 -6.28
Work to Home Stops -0.150 -3.57 0.160 7.18 -0.571 -22.08
Available Time 0.004 35.68 0.003 30.06 0.002 30.69
Commute mode is driver, solo 0.297 5.76 -- -- -- --
Joint Activity Participation 0.333 5.69 -- -- -- --
Accessibility Variables

CBD -- -- - -- 0.052 1.32
Miles of freeway within 10 minutes (in 100000s) -- -- -- -- 0.076 1.91
Population reachable within 10 minutes (in 106500 -- -- -0.032 -2.95 -- --
Miles of minor arterial within 10 minutes (in 1000s) -- -- -- -- 0.018 1.69
Miles of ramp within 10 minutes (in 100000s) -- -- -- -- -0.140 -2.57
Max. number of employees reachable within 10 mgfrten work(in 1000s)
Construction -- -- -0.003 -4.73 -- --
Finance -- -- 0.016 3.75 1.600 2.46
Health -- -- 0.025 5.22 - -
Manufacture -- -- 0.003 1.89 - -
Transportation -- -- -0.009 -3.13 -- --
Information -- -- -0.020 -5.05 -0.020 -3.23
Public -0.002 -2.33 -0.020 -5.17 -0.007 -1.89
Professional -- -- -- -- -0.009 -1.68
Education -- -- - -- -0.02 -1.99
Food -- -- - -- 0.055 3.02
Maximum number of transit stops within 10 minufi@s1000s) 0.054 3.73 -- -- -- --
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i Drive Solo Drive with Passenger Shared Ride Walk Transit
Explanatory Variables
Param. | t-stat. Param. t-stat. Param. t-stat. Param. | t-stat. Param. t-stat.
Constant -- -- -0.520 -0.91 0.459 0.34 -1.035 -1.32 -5.001 -8.22
Person and Household Level Characteristics
Household size -- -- -0.249 -1.83 -- -- -- -- -- --
Total Number of Vehicles -- -- -- -- -- -- -0.721 -3.03 -- --
Single Person household -- -- -1.436 -2.33 -- -- -1.417 | -2.53 -- --
Number of Children -0.321 | -2.21 -- -- -- -- -- -- -- --
Number of School Going Children -- -- -- -- -- -- 0.556 2.29 -- --
Age -- -- -- -- -0.084 -2.59 -- -- -- --
Female -- -- -- -- -- -- 1.104 3.22 -- --
African-American -- -- 1.628 2.26 -- -- -- -- -- --
Activity Participation
Serve Passenger Activities -- -- -2.549 -2.01 -- -- -- -- -- --
Maintenance Activities -- -- 4.626 12.04 -- -- -0.885 -2.75 -- --
Shopping Activities -- -- -0.767 -2.16 -0.732 -2.22 -1.552 | -1.56 -- --
Visit -- -- -- -- -1.189 -3.03 1.182 1.49 -- --
Social Activities -- -- -2.396 -2.18 -- -- -- -- -- --
Entertainment -- -- -- -- -1.966 -2.77 1.589 1.89 -- --
Active Recreation -- -- -1.312 -1.65 -- -- -1.592 -3.62 -- --
Other Activity 0.647, 1.78 -- -- -- -- -- -- -- --
Work Related Activity -- -- -- -- -- -- -- -- -0.865 -1.82
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) Drive Solo Drive with Shared Ride Walk Transit
Explanatory Variables Passenger
Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat.
Accessibility Factors
Retail and Service Employment Accessibility -- -- -- -- -- -- 0.098 3.88 -- --
CBD - - 0.905 1.94 - - - - - -
Miles of freeway within 10 minutes (in 10000s) -- -- -- -- -0.27 -2.95 -0.053 -3.56 -- --
Miles of ramps within 10 minutes (in 10000s) -- -- -- -- 0.365 3.00 -- -- -- --
Number of agriculture employees within 10 minut@s1Q00s) -- -- -0.355 -2.33 -- -- -- -- -- --
Number of manufacturing employees within 10 minites » _ -0.015 408 » » _ » » _
1000s)
Number of informational employees within 10 minufis » _ » » 0.155 171 _ » » _
1000s)
Number of professional employees within 10 minbes.000s) -- -- -- -- -0.136 -1.89 -- -- -- --




Table B.3.5 Work-based tour mode (Model WSCHO05)

Drive Solo Drive with Shared Ride Walk Transit
Explanatory Variables Passenger
Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat.
Constant -- -- -1.675 -7.18 -2.627 -6.43 -3.39 -9.98 -4.209 -5.31
Individual and Household level characteristics
Number of Workers -- -- -0.251 -2.57 -- -- -- -- -- --
Total Number of Vehicles -- -- -- -- -0.314 -3.32 -0.218 -2.56 -2.271 -4.58
Household Income between $35k and $75k -- -- -- -- -- - -0.353 -2.24 - -
Couple Household -- -- -- -- 0.503 2.67 -- -- -- --
Household Size -0.081 -1.95 -- -- -- - - - - -
Female -0.162 -1.54 -- -- 0.282 1.41 - - - -
White -- -- -- -- -- - 0.508 3.10 - -
Age between 41 to 60 years -- -- -- -- -0.625 -3.17 -- -- -- --
Type of Profession
Construction -- -- -- -- -- - -0.459 -1.51 - -
Transportation -- -- -0.765 -2.35 -- -- -- -- -- --
Professional -- -- -0.351 -2.60 -- -- -- -- -- --
Government -- -- -0.626 -2.06 -- -- -- -- -- --
Retail -- -- -0.515 -1.84 -- - - - - -
Activity Participation decisions
Drop off at School 0.609 2.00 -- -- -- -- -- -- -- --
Serve Passenger -- -- 1.248 9.15 -- -- -- -- -- --
Maintenance -- -- -0.444 -3.24 -0.583 -2.79 -0.208 -1.3 -- --
Visit -- -- -0.479 -1.91 -- - - - - -
Active Recreation -- -- -0.409 -1.69 -- -- -- -- -- --
Eat out -- -- 0.61 4.65 1.379 7.05 0.854 5.53 - -
Work Related -- -- -0.218 -1.40 -- - -0.523 -2.66 - -
Joint Activity -- -- 0.424 2.49 -- -- -- -- -- --




Table B.3.5 (cont.) Work-based tour mode

Model WSHO05)

Drive with

Drive Solo Shared Ride Walk Transit

Explanatory Variables Passenger

Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat.
Zonal characteristics
Retail employment accessibility of work zone -- -- 0.372 1.54 0.854 2.85 -- -- 1.747 2.32
Retail and service employment accessibility of wooke -- -- -- -- -0.095 -2.55 0.154 2.01 -- --
Total employment acc. of work zone -- -- -- -- -- -- -0.095 -1.74 -- --
Population accessibility -- -- -- -- 0.021 1.90 -- -- -- --
Work zone is CBD -- - -- -- - -- 0.249 1.36 -- -
Work zone parking cost -- -- -- -- 0.004 1.59 -- -- -- --
Max. no. of employees reachable within 10 mir(utes
1000s)
Manufacturing -- -- -- -- -- -- -0.013 -2.21 -- --
Wholesale trade -- -- -- -- -- -- -- -- -- --
Informational -- - -- -- - -- -0.037 -1.57 0.073 2.56
Food -- - -- -- 0.034 1.34 0.153 2.48 -- -




Table B.3.6 After-work tour mode (Model WSCHO05)

Driver, Solo Drive With Passenger Shared Ride Walk Transit
Explanatory Variables
Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat.
Constant -- - -1.273 -3.53 -3.393 -5.91 -2.650 -8.75 -3.491 -5.54
Individual and Household level
characteristics
Household Size -- -- 0.077 1.72 -- -- -- -- -- --
Number of Workers - - - - 0.311 1.37 - - - - -
Total Vehicles - - - - - - -0.245 -2.08 -035 -1.69
Couple Household -- -- -- -- -- -- -- -- 1.095 1.14
Single Parent Household -- -- -- -- -- -- 0.833 2.2 -- --
Single Person -- -- -- -- 0.597 1.52 -- -- -- --
Number of School Going Children -- -- -- -- 0.334 .64 0.478 3.03 -- --
Age -- - -0.011 -1.54 - - - - - --
Female -- -- -- -- 0.935 3.50 -- -- -- --
Age 26 to 40 -- -- 0.367 1.85 -- -- -- -- -- --
Age 41 to 60 -- - 0.459 2.06 -0.894 -3.17 - - - --
Father -- - - -- -- - -0.535 -1.41 -- --
Activity Participation
Serving Passenger -- -- 2.284 17.12 -0.71 -1.4 789D -2.06 -- --
Maintenance -- -- -0.368 -2.81 -0.490 -1.73 -- -- - - --
Shop -- - -0.457 -3.40 -0.651 -2.31 - - - -
Visit -- - - -- -0.857 -1.65 - - -- --
Social 0.414 1.95 - - - - - - - --
Entertainment - -- 0.364 1.99 1.447 4.89 - - -- --
Recreation -- -- -0.601 -3.17 -- -- 0.854 3.28 -- - -
Eat -- - 0.299 2.14 0.801 2.94 - - - -
Work Related - - -0.373 -1.92 -1.030Q -2.04 -- - 0.737 1.02




" Joint Activity Participation " -- | -- || -- | -- || -- | -- " 0.1 1.83 " -- -- "
Table B.3.6 (cont.) After-work tour mode (Model WSGH05
. Drive Solo Igrlve with Shared Ride Walk Transit
Explanatory Variables assenger
Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat.

Accessibility Measures

Max. no. of information employees

reachable within 10 minutes (in 1000s) - - 0.033 -2.60 h h h - h -

Max. no. of financial employees reachable

within 10 minutes (in 1000s) - - 0.016 1.84 - - - - - -

Max. no. of art employees reachable withjin

10 minutes (in 1000s) W - - - - o 0.042 3.75 h -
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. Before Work Work Based After Work Home to Work Work To Home
Explanatory Variables
Param. t-stat. Param. t-stat. Param. t-stat. Param.| t-stat. Param. t-stat.
Threshold Parameters
Threshold01(1 and 2 stops) 2.068 8.5 1.381 1049 2.771 15.42 1.753 40.99 1.38 16.52
Threshold02(2 and 3 stops) 2.92% 11.6] 2.171 2150 3.631 19.36 2.641 55.57 2.404 27.9B
Threshold03(3 and 4 stops) 3.356 12.8 2.711 7188 4.311 21.69 -- -- -- --
Individual and Household level characteristics
Household Income (in $) -- -- -- -- -- -- -- -- 00 2.75
Female -- -- -- -- -- -- -- -- 0.075 2.21
Professional -- -- -0.179 -3.04 0.130 1.97 -- -- 0.104 3.54
Government -- -- -- -- 0.285 1.83 -- -- -- --
White -0.289 -2.22 -- -- -- -- -- -- -0.100 -2.70
Hispanic -0.732 -5.22 -- -- -- -- -- -- -0.201 -4.84
African American -- -- 0.275 2.19 -0.217 -1.58 -- -- -- --
Father -- -- -- -- -- -- -- -- 0.109 2.57
Single Parent Household -0.664 -2.02 -- -- -- - 0.350 4.23 -- --
Single Person Household -- -- -- -- 0.344 4.] - -- 0.208 4.43
Number of School Going Children 0.235 5.21 -- -- -- -- -- -- -0.104 -5.60
Number of Non-workers in Household -- -- -- -- -- -- -0.053 -3.41 -0.063 -3.76
Activity Participation decisions
Serve Passenger Activities 0.514 5.1% -- - 0.78010.33 1.126 35.07 0.660 18.50
Maintenance Activities 0.990 9.74 0.62( 9.9p Q.67 9.87 0.638 19.57 0.899 26.48
Visit 0.775 5.41 -- -- 0.651 7.8 -- -- 0.759 14.2
Shopping Activities -- -- 0.425 6.39 0.664 9. - - -- 0.890 2491
Social Activities -- -- -- -- 0.661 6.05 -- -- -- --
Eating out Activities -- -- 0.106 1.78 0.59% 8. 0.307 8.67 0.559 15.30
Work Related Activities -- -- 0.737 10.52 -- -- .686 13.66 -- --
Entertainment -- -- -- -- 0.612 6.2 -- -- -- --
Joint Activity Participation -- -- -- -- -- -- -- -- -0.781 -16.39
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Before Work

Work Based

After Work

Home to Work

Work To Home

Explanatory Variables

Param.

t-stat.

Param.

t-stat.

Param.

t-stat.

Param.

t-stat.

Param. t-stat.

Pattern-level attributes

Zonal Characteristics

Home to Work Stops

Work to Home Stops
Available Time

Number of Work Based Tours
Number of Before Work Tours

Number of After Work Tours

Service employment (in 1000s)
Miles of minor arterials within 10 minutes (in
100000s)

Miles of freeway within 10 minutes (in 100000

Miles of ramp within 10 minutes (in 100000s)
Miles of primary arterials within 10 minutes (in
100000s)

Work start time (in 1000s)
Work zone adjacent to home

Auto IVTT to work
Max. no of transit stops within 10 minutes (in
1000s)

Tour mode is drive alone

0.13¢

0.0138

-0.081
0.001
-0.185

0.114
-0.147

-1.64
5.4
2.4

2.15
-2.49

-0.205
0.002

-0.482
-0.490

6.08
-2.89
7.77

6.25

-1.000 -7.30
-0.324

@02

-5.33
4.13

-0.771 -24.38
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Before work tours Work Based Tours After Work Tours
Explanatory Variables
Param. t-Stat. Param. t-Stat. Param. t-Stat.
Constant 4.654 42.32 4.940 35.09 4.287 26.43
Household- and individual-level characteristics
Female -- -- -- -- -0.082 -2.05
Age -0.003 -1.54 -- -- -0.007 -5.32
Hispanic -0.152 -2.78 -- -- -- --
Number of children in the household - - -- -- -- -0.122 -6.10
Single person household -- -- -- -- 163 2.83
Government 0.209 1.58 -- -- -- --
Professional -- -- 0.056 1.64 -- --
Individual activity participation decisions
Serving Passenger activities -0.13 632. -- -- -- --
Maintenance -- -- -- -- -0.217 -4.91
Social Activity -- -- -- -- 0.168 2.322
Entertainment -- -- -- -- 0.157 2.586
School related activity -0.159 -2.60 -- -- -- --
Work Related Activities -- -- -0.383 -8.54 -- --
Work -- -- 0.340 4.85 -- --
Visit -- -- -0.143 -2.34 -- --
Other Activities -0.402 -4.56 -- -- -- --
Pattern-level attributes
Number of stops in WH commute -- -- -- - - 0.106 3.13
Tour-level attributes
Available time for the tour 0.002 21.018 0.002 19.49 0.003 20.11
Number of stops in this tour -0.058 810 -0.120 -6.32 -0.191 -7.40
Number of work based tours -- -- -0.80¢4 -14.16 -- --
Number of after work tours -- -- -0.786 -12.04
First tour in this period -- -- -0.217 -2.91 -0.790 -9.40
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Explanatory Variables Work Related Maintenance Shop Social Visit
Param. t-stat. Param. t-stat. Param. t-stat. Param.| t-stat. Param. t-stat.
Constant - - 0.899 7.79 0.973 3.99 -1.074 -3.81 -1.062  153.
Tour-level attributes
Number of stops in the toanmute - - -0.201 -8.86 -0.401 -11.77 -0.428 -8.0 -256 -6.63
Tour Mode
Driver, alone -- - -- - 0.406 2.95 - -- -0.417 -2.817
Driver, with passenger - - - - 0.302 1.98 0.599 5.29 - -
Passenger - - -0.463 -3.29 -- - 0.639 3.65 -- --
Walk or Bike -0.641 -2.66 - - 0.848 4,52 0.925 4.44 . .
Transit - - - - - - - - - -
Stop-level attributes
Stop is in
Home to work commute -0.733 -5.99 -0.258 -2.91 -1.342 -8.46 - - - -
Work to home commute -0.577 -5.09 - - 0.337 2.74 1.296 8.7j 0.3%9 1
First work based tour - - -0.901 -8.13 -1.099 -6.88 -0.461 2.1 -0.839 -2.84
Second work based tour - - -0.831 -4.44 -1.239 -4.66 - - - -
First before work tour -0.774 -3.96 - - - - 0.716 2.78 1.324 4.7
Second before work tour -- - 1.183 3.81 1.477 4.44 2.108 4.2¢ - -
First after work tour -0.553 -4.08 0.467 4.95 1.184 8.45 2.408 15.94 2.30 11.72
Second after work tour -0.814 -2.02 0.803 3.37 1.149 4.38 2.347 7.45 2.829 7.02
Position of stop in tour/commute
First stop - - -- -- -0.663 -5.77 -0.475 -2.51 -0.394 -2.0
Second stop - - -- - -0.152 -1.45 -0.226 -1.28 - -
Third stop - - - - - - - - - -
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Entertainment Recrga}t.ional Eat out Other Activities Serve Passengers
Explanatory Variables Activities
Param. t-stat. Param. t-stat. Param. t-stat. Param. | t-stat. Param. t-stat.
Constant -2.597 -6.51 -0.069 -0.45 2.313 9.3 -0.389 -1.69 .382 18.22
Tour-level attributes
Number of stops in the tour/commute -0.471 -6.49 -0.649 -12.06 -0.624 -14.76 -0.421 -5.3¢ -0.717  .583
Tour Mode
Driver, alone -1.188 -8.33 -- -- -- -- -1.014 -5.50 -3.255 -27.42
Driver, with passenger -- -- -- -- 0.939 12.1 -- - - 1.604 16.99
Passenger -- -- -- -- 0.889 7.42 -- -- -- --
Walk or Bike -1.989 -2.75 1.182 7.08 1.033 7.54 -- -- -- --
Transit -- -- -- -- -- -- -- -- -- --
Stop-level attributes
Stop isin
Home to work commute -- -- -1.026 -6.15 -1.228 980. -1.292 -4.79 -- --
Work to home commute 2.706 8.28 -- -- -0.726 -7.43 -0.603 -2.75 -- --
First work based tour -- -- -1.959 -8.54 -- -- 448 -5.83 -2.604 -18.09
Second work based tour -- -- -2.03p -3.4]L -- = 203. -2.26 -1.635 -5.83
First before work tour -- -- 1.084 6.96 -1.458 %.8 -- -- 0.342 2.53
Second before work tour -- -- -- -- -- -- 1.747 3.2 1.478 4.28
First after work tour 4,521 14.26 1.455 11.5¢ -- -- -- -- -- --
Second after work tour 4.610 10.8¢ 0.909 2.65 - - -- -- 0.655 2.88
Position of stop in tour/commute
First stop -0.513 -2.82 -- -- -1.264 -6.24 -- -- -- --
Second stop -- -- -- -- -0.757 -4.14 -- -- -- --
Third stop - - - - -0.305 -1.67 - - - -
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Before Work Home to Work Work Based Work to Home After Work
Explanatory variables
Param. t-stat. Param. t-stat. Param. t-stat. Param. | t-stat. Param. t-stat.
Constant 1.170 8.87 0.984 32.80 0.786 7.49 1.322 15.p6 1.42214.59
Pattern Level Attributes
One tour in this period 0.134 1.88 -- -- 0.539 52. -- -- -- --
Two tours in this period -- -- -- -- 0.335 3.7 - - -- -- --
Tour-level attributes
Tour mode
Drive Alone -- -- 0.079 1.28 -- -- -0.182 -2.91 -- --
Driver with passenger -0.374 -4.1 -- -- -- -- 401 -2.44 -- --
Shared Ride -- -- -- -- 0.230 2.6¢6 -- -- 0.42b 4.18
Walk/Bike -- -- 0.705 4.22 -- -- -- -- -0.233 -2.44
One stop in the tour -- -- -- -- 0.4971 11.5D @33 7.54 0.411 7.21
Stop-level attributes
Available time for activity and travel 0.001 3.8 0.005 24.22 0.001 9.55 0.001 7.48 0.000 3.p2
First Stop in the commute -- -- -- -- -- -- -0618| -4.07 -0.165 -2.69
Activity type at destination
Maintenance 1.187 9.84 0.53§ 7.7 0.761 91 0.84913.64 1.107 15.08
Visit 2.226 9.81 1.400 9.32 1.699 11.50 2.510 29.p8 2.591 29.83
Social 1.917 7.53 1.885 9.5] 2.024 9.2 2.580 15{03 2.762 24.11
Shopping 1.399 11.20 0.947 8.8 1.128 12.12 1.416 2.632 1.429 21.94
Entertainment 2.737 5.68 1.164 2.06 2.620 7.5 (B.18 26.45 2.963 30.62
Active Recreation 2.315 16.27 2.392 15.47 2402 714 2.732 26.86 2.559 28.5¢6
Eating 1.370 7.12 1.035 11.2 1.249 16.35 1589 321 1.749 20.70
Work Related 3.051 16.82 1.744 18. 1.749 218 092.| 26.54 2.138 17.23
Other 2.420 15.79 1.595 12.3 1.890 15.11 2.25625.13 2.359 20.90




.7’$ 3 8

Before Work Home to Work Work Based Work to Home After Work
Explanatory variables
Param. t-stat. Param. t-stat. Param. t-stat. Param. | t-stat. Param. t-stat.
Constant 1.888 19.28 1.854 30.60 2.066 28.65 2.815 5049 .3022 68.55
Pattern Level Attributes
One tour in this period 0.276 3.8% -- -- 0.36P 581 - -- -- --
Two tours in this period 0.150 1.8] -- -- 0.26p .83 -- -- -- --
Tour-level attributes
Tour mode
Drive Alone -- -- -- -- -0.077 -2.07 -- -- -0.145 4.23
Driver with passenger -0.103 -2.04 -0.09 -2.49 -- -- -- -- -- --
Shared Ride -- -- -- -- -- -- -- -- 0.130 1.9
Walk/Bike -0.149 -1.74 -0.330 -2.51 -0.43% -7.1p -- -- -0.451 -6.25
One stop in the tour -- -- -- -- 0.075 2.2B -- - -0.091 -2.23
Stop-level attributes
Available time 0.000 1.83 0.003 16.91 -- -- -- -- -- --
First Stop in the commute -- -- 0.364 6.6B -- - -- -- 0.108 2.45
Second Stop in the commute -- -- 0.28 4.%2 - . -- -- -- --
Activity type at destination
Maintenance -- -- -0.247 -5.92 -0.23( -4.06 -0.153 -4.22 -- --
Visit 0.487 3.32 -- -- -- -- 0.093 1.58 0.231 4,
Social -- -- 0.208 1.40 -- -- -- -- 0.328 4.3(
Shopping -- -- -0.0980 -1.32 -0.198[L -3.0B -0.112 3.16 -- --
Entertainment 0.667 2.05 -- -- -- -- -- -- -- --
Active Recreation -- -- -- -- -- -- 0.166 2.3] o3 6.82
Eating -- -- -- -- -0.311 -6.24 -0.118 -2.38 0.248 4.16
Work Related 0.408 3.46) 0.262 4.0p 0.422 8.07 0.273 5.39 0.361 4.21
Other 0.376 3.93 -- -- 0.130 1.4u) -- -- 0.29 .803




Table B.3.12 Location of a Stop (Model WSCH11)

Explanatory Variables Param. t-stat.
Distance to ultimate destination/100 -0.088 -10.66
Distance to ultimate destination * Maintenancevig!100 -0.029 -1.55
Distance to ultimate destination * Social acti§0 -0.340 -3.14
Distance to ultimate destination * Shopping atyiflio0 -0.089 -4.07
Generalized cost (minutes) -0.031 -16.16
Maximum number of food employees reachable willfirminutes * Eat out Activity/10000 1.072 E -4 1.27
Maximum number of art employees reachable witlfimiinutes * Entertainment/10000 2.304E -4 1.63
(Retail and Service Employment)/10000 1.058E -4 8.24
Same zone as origin zone 2.222 13.42
Adjacent zone to origin zone 1.621 12.67
Population accessibility/100 -0.012 -2.56




Appendix B.4 Non-worker Scheduling Model System

"1" 4%, $.8 % 7'$ 43 8
Explanatory variables Param. t-stat.
Thresholds
1 and 2 tours 1.251 25.71
2 and 3 tours 2.332 43.55
3 and 4 tours 3.173 50.78
Individual and household-level characteristics
Number of children in the household 123 17.19
Transportation Employee -0.418 -3.54
Household-level activity participation decisions
Number of nhon-workers -0.049 -2.99
Individual activity participation decision
Drop-off child at school 0.350 3.49
Serving Passenger Activities 1.048 28.77
Shopping 0.568 17.92
Visit 0.278 6.26
Entertainment 0.179 2.92
Maintenance 0.421 13.51
Active Recreational Activities 0.632 .38
Eating Out 0.345 8.71
Other Activities 0.204 2.90
Work Related Activities 0.155 3.95
Social Activities 0.526 9.39
Accessibility Factors
Maximum number of wholesale trade 0.025 517

employees reachable within 10 minutes (in 1000s)
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%$ 1 $.9% % . &1 %. $ & % 7'
Explanatory Variables Param. t-stat.
Constant -8.403 -18.73
Individual - and household-level characteristics
Licensed 0.547 4.79
Couple household 0.157 1.52
Hispanic 0.278 2.67
Number of school going children ie tiousehold 0.805 13.08
Individual activity participation decisions
Serving Passenger activities 1.931 16.73
Maintenance activities 1.060 11.78
Shopping activities 0.674 7.73
Social Activity 1.098 7.77
Entertainment activities 0.428 2.39
Active Recreational activities 0.965 7.63
Eating-out activities 0.341 2.84
Visit 0.579 4.25
Other Activities 0.964 7.88
Joint activity participation decisions
Joint activity participation -0.622 -4.61
Joint activity duration -0.003 -3.76
Visit activity duration 0.002 1.97
Entertainment activity duration 0.004 4.48
Eating Out duration 0.004 2.46
Available time before pick up or joint discretiogdour 0.007 23.26
Available time after pick up or joint discretionaour 0.002 4.59
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Explanatory Variables Param. t-stat.
Accessibility measures

Minimum shopping distance from horoae 0.044 1.97
Retail employment in home zone -117.200 -2.07
Basic employment in home zone (i60s) -0.090 -1.47
Minimum travel time to shopping frdrame zone -0.039 -2.26
Miles of Freeway within 10 minutés {000s) 0.004 1.79
Miles of Collector roads within 10mates (in 100000s) 0.046 2.51
Miles of Ramp roads within 10 miraifegn 1000s) -0.008 -2.46
Maximum number of health employesschable within 10 minutes (in 1000s) 0.042 1.51
Maximum number of food employeeshadble within 10 minutes (in 1000s) -0.160 -1.89
Maximum number of transit stops withO minutes (in 1000s) 0.184 2.36
") & %$ 1 $. % % &1 %. = $ & % 7'$ 43 8
Explanatory variables Param. t-stat.
Constant -7.871 -21.78
Individual- and household-level characteristics
Licensed 0.606 4.38
Individual activity participation decisions
Serving Passenger activities 1.535 12.69
Maintenance 0.704 6.68
Shopping 0.485 4.62
Social Activity 1.398 7.06
Active Recreational Activities 1.144 6.64
Other Activities 0.548 3.99




Table B.4.4 (cont.) Decision to undertake an indepeéent tour after a pick-up or joint discretionary tour (Model NWSCH3)

Explanatory variables Param. t- stat.

Joint activity participation decisions
Joint activity participation -0.419 -3.09
Recreational activity duration -0.008 -3.18
Social activity duration -0.007 -2.79
Available time after drop off or joidiscretionary tour 0.006 20.59

Zonal characteristics
Retail and service employment accelisibi 0.477 3.56
Total employment accessibility -0.330 -3.55
Median income in the zone 0.003 1.47
Basic employment in the zone (in 1000s) 0.108 1.63
Miles of Freeway within 10 minutes {i@0000s) 0.477 1.66
Miles of Minor arterials within 10 mites (in 100000s) 0.181 2.08
Miles of Ramps within 10 minutes (inODDOs) -0.618 -1.38
Maximum number of manufacture employeashable within 10 minutes (in 1000s) 0.035 2.43
Maximum number of retail employees tedide within 10 minutes (in 1000s) -0.014 -2.47
Maximum number of information employeeachable within 10 minutes (in 1000s) -0.120 92.6
Maximum number of health employees hehte within 10 minutes (in 1000s) 0.119 3.44
Maximum number of public employees redate within 10 minutes (in 1000s) -1.000 -3.14
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Drive Alone Drive with passenger Shared Ride Walk Tansit
Explanatory Variables
Param. t-Stat. Param. t-Stat. Param. t-Stat. Param.| t-Stat. Param. t-Stat.
Constant - - -1.443 -9.08 -2.407 -10.23 -2.63 -13.24 eB’3| -8.73
Household- and individual-level characteristics
Household Size -- -- 0.175 5.43 0.350 9.45 0.291 6.41 0.58 7.4
Female - - 0.136 2.17 0.730 7.74 0.254 3.14 - -
Age - - -0.009 -5.42 -0.004 -1.76 -- -- -- --
Age between 26 to 40 -- -- -- -- -0.256 -2.12 0.535 6.01 -- --
Age between 41 to 60 -- -- -- -- -0.4 4.99 -- -- -- --
Mother - - 0.223 2.34 -0.599 -4.16 -- -- -- --
Father - - - - - - - - -0.745 -2.23
Hispanic -- -- 0.283 3.57 -- -- -- -- -- --
Caucasian -- -- -- -- -0.333 -3.39 -0.334 -3.64 -0.67 -3.98
Number of children in the household - - - - - - - - - -0.482 -4.35
Single person household -- -- 0.152 1.78 -- -- -- -- -- --
Low income -- -- -- -- 0.353 3.80 0.359 4.13 -- --
Number of vehicles -- -- -0.094 -3.01 .20 -5.75 -0.437 -8.87 -1.415 -15.1
Number of students - - - - - - 106 -1.88 - -
Number of school going children -- -- 106 -2.25 -- -- 0.505 7.28 -- --
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Drive Alone Dg\slgevr\:'tgr Shared Ride Walk Transit
Explanatory Variables b 9
Param. t-Stat. Param. t-Stat. Param. t-Stat. Param.| t-Stat. Param. t-Stat.
Individual activity participation decisions
Drop-off child at school -- -- -- -- -- -- -0.998 -3.14 -- --
Serving Passenger Activities -- -- 887 50.03 -0.799 -4.46 -0.627 -4.49 -- --
Shopping -- - -0.413 -7.32 -0.676 -7.40 -0.342 -4.1p -0.909 -5.75
Social Activity -- - -0.435 -5.10 - - -- - - --
Entertainment -- -- 0.368 4.04 0.481 3.33 -- -- -- --
Maintenance -- - -0.398 -7.10 -0.316 -3.15 -0.359 -4.28 -0.346 -2.33
Active Recreational Activities - -- 326 -4.44 -- - 0.466 4.69 -0.59¢ -2.0]
Eating Out -- - 0.314 5.32 0.568 5.72 -0.228 2.24 -0.680 52.4
Other Activities -- - 0.256 2.68 0.518 3.52 - - - -
Work Related Activities -- - -0.549 -7.45 -0.266 -2.15 -1.141 -9.28 -0.457 -2.13
Joint activity participation decisions
Joint activity participation -- -- -- -- -- -- 0.553 5.20 -- --
Accessibility Variables
Service employment accessibility -- - -- -- -- -- 0.212 5.56 -- --
Total employment accessibility -- -- -- -- -- -- -0.132 -4.84 -- --
Meters of minor arterial within 10 mtas (in 10000s) -- -- -- -- 0.007 3.11 -- -- -- --
Meters of ramps within 10 minutes (0000s) -- -- 0.009 2.90 -0.012 -1.1 -- -- -- --
Informational -- -- -- -- -- -- -- -- 0.025 2.45
Finance -- - - - -- - - - 0.010 1.16
Professional -- -- 0.009 -3.82 -- -- -- -- -- --
Education -- - - - -0.220 -1.44 -- - -- --
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Explanatory Variables Param. t-stat.
Thresholds
Threshold01 (1 and 2 stops) 3.940 25.29
Threshold02 (2 and 3 stops) 4.607 29.39
Threshold03 (3 and 4 stops) 5.188 32.86
Threshold04 (4 and 5 stops) 5.593 35.18
Person level characteristics
Female 0.109 4.74
Age 0.002 2.70
Individual activity participation decisions
Pick Up from School -0.457 -6.90
Serve other passengers Activities 0.333 11.21
Maintenance Activities 0.704 30.11
Shopping Activities 0.683 28.58
Visit 0.477 16.11
Entertainment 0.306 7.10
Active Recreation 0.324 10.30
Eating-out Activities 0.592 22.53
Other Activities 0.294 7.14
Work Related Activities 0.552 18.57
Joint activity participation decisions
Joint Activity Participation -0.632 -8.67
Accessibility Measures
Population accessibility 0.001 1.56
Miles of Freeway within 10 minutes {i@0000s) -0.110 -2.21
Miles of Ramp roads within 10 minu{es100000s) 0.203 3.00
Pattern-level Attributes
Available Time 0.001 15.54
One Tour 0.817 21.85
Two Tour 0.384 11.44
Work Tour -0.897 -18.16
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Explanatory Variables Param. t-stat.
Tour-level Attributes
Second Tour 0.494 9.15
Third Tour 0.576 7.53
Forth Tour 0.307 2.74
Drive alone Tour -0.275 -10.43
"I"< 4%, ) % 05 . &1%. $ . .7'$ 43 8
Explanatory Variables Param. t- stat.
Tour start time -0.003 -5.814
After drop-off -0.948 -4.589
Individual activity participating
Serving Passenger 0.467 5.008
Maintenance 0.408 4.136
Visit 0.279 1.707
Accessibility measures
Max. number of wholesale trade emplsy@achable within 10 minutes (in 1000s) -0.180 068.
Max. number of retail employees reatdabthin 10 minutes (in 1000s) 0.155 3.197
Max. number of information employeeaateable within 10 minutes (in 1000s) -0.150 -4.553
Max. number of education employeesheahte within 10 minutes (in 1000s) -0.120 -2.036
Max. number of art employees reachalitliein 10 minutes (in 1000s) 0.188 3.285
Max. number of transit stops reachabitbin 10 minutes (in 1000s) 0.326 4.036
Miles of collector roads within 10 miea (in 100000s) -0.061 -2.454
Threshold
0 and 1 stop -1.187 -3.251




Table B.4.8 Home-stay duration before a tour (ModeNWSCH7)

) Tour 1 Tour 2 Tour 3 Tour 4
Explanatory Variables
Param. t-Stat. Param. t-Stat. Param. t-Stat. Param.| t-Stat.
Constant 5.337 129.42 3.326 19.91 3.712 24.68 3.086 1087
Individual- and household-level characteristics
Licensed -- -- -0.189 -2.29 -- -- -- --
Female 0.053 5.50 -- -- -0.155 -2.25 - -
Age (in 10s) -0.005 -2.07 -- -- -- -- -- --
Age between 41 to 60 -- -- -- -- -B22 -3.18 -- --
Couple household -- -- -- -- -0.243 -3.20 -- --
Number of vehicles in the household -- -- -- -- -- -- -0.142 -2.20
Professional job -- -- -- -- 0.162 1.91 -- --
Government job -- -- -- -- 0.398 1.58 -- --
Retail job -- -- -- -- 0.339 1.74 -- --
Individual activity participation decisions
Pick-up from school -- -- 0.38% 3.18 - - -- -- --
Drop-off child at school -- -- -- -- -- -- 0.399 2.25
Serving Passenger Activities -0.057 204. -0.103 -1.97 -- -- -- --
Shopping 0.108 10.40 -0.086 -2.15 - - - -
Visit 0.033 2.42 -0.072 -1.42 - -- - -
Entertainment 0.068 3.87 -- -- -- -- -- --
Maintenance - - -0.214 -5.29 - - - -
Active Recreational Activities -0.094 6.35 -0.114 -2.21 -- -- -- --
Eating Out 0.068 5.69 -- -- -- -- -- --
Other Activities -0.015 -0.71 -0.226 .03 -- -- -- --
Work Related Activities -0.338 -26.52  0.253 -4.70 -0.331 -3.23 - -
Joint activity participation decisions
Joint activity participation -- -- 023 3.58 -- -- -- --
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Tour 1 Tour 2 Tour 3 Tour 4
Explanatory Variables
Param. t-Stat. Param. t-Stat. Param. t-Stat. Param.| t-Stat.
Pattern Level Attributes
One Tour 0.263 15.39 -- -- -- -- -- --
Two Tours 0.133 7.60 0.319 4.17 -- -- -- --
Three or more tours -- -- -0.23p -2.90 - - -- -- --
Tour-level attributes
Available time for the tour (in 100s)) .060 13.33 0.002 15.97 0.001 6.56 0.002 4.¥1
Tour Mode -- -- -- -- -- -- -- --
Drive Alone 0.066 6.15 -- -- -- -- -- --
Drive with passenger -- -- 0.169 243. -- -- -- --
One Stop in the tour 0.024 2.30 0.209 4.85 0.159 2.08 0.296 1.85
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) Work Related Maintenance Shop Social Visit
Explanatory Variables
Param. t-stat | Param. t-stat Param. t-stat Param. tstat Param. t-stat
Constant - - 2.948 15.33 2.718 17.61 0.250 1.49 2.644 40.
Undertakes drop-off in this tour -- -- -- -- -- -- -- -- -1.587 -2.25
Participate in joint activities -0.260 -2.88 -- -- -0.261 -3.54 -0.549 -4.02 -2.20( -3.6
Tour-level attributes
Number of stops in the tour/commute -- - 0.04 .503 -0.122 -6.25 -0.133 -4.58 -0.162 -5.4
Tour Mode
Driver, alone -- -- -1.524 -9.89 -- -- -- -- -1.856 -10.08
Driver, with passenger -- -- -1.612 -10.23 -0.35 5.67 -- -- -1.459 -7.57
Passenger -- -- -1.446 -8.39 -- -- 0.511 3.42 1.22 -5.73
Walk or Bike -- -- - -- 1.609 10.02 1.201 5.01 - --
Transit - - -0.972 -4.98 - -- - - -0.941 -3.58
Tour Number
First Tour 0.899 7.25 -- -- -0.190 -4.59 -0.436 -3.4% - -
Second Tour 0.293 2.1h - - - - -0.246 -1.79 - --
Stop-level attributes
Position of stop in tour/commute
First stop - - - - -1.143 -14.43 -- - -0.590 -5.51
Second stop -- -- -- -- -0.258 -3.64 -- -- -0.209 2.06
Third stop -- -- -- -- -0.139 -1.93 -- -- -- --




" 7& "8-& .7'$ 43 8
_ Entertainment Recr_ea_lt_|onal Eat out Other Activities Serve Passengers
Explanatory Variables Activities
Param. t-stat. Param. t-stat. Param. t-stat. Param. | t-stat. Param. t-stat.
Constant 1.275 5.29 2.394 10.27 1.866 11.65 0.53p2 1/88 64.10 29.60
Undertakes drop-off in this tour - - - - -0.873 -2.36 - - -0.555 -3.07
Participate in joint activities -3.697 -- -- -- -0.302 -2.54 -- -- 0.347 4.26
Tour-level attributes
Number of Stops in the tour/commute -0.337 -6.16 -0.223 -6.58 -0.111 -4.53 -- - -0.303 -15.89
Tour Mode
Driver, alone -1.243 -10.21 -2.224 -12.93 -0.679 -9.08 -2.298  438)| -4.551 -47.20
Driver, with passenger -- -- -2.286 -11.98 -- -- -2.138 -7.06 -- -
Passenger - - -2.064 -9.32 0.394 3.38 -2.031 -5.0p -1.519 15.19
Walk or Bike -- -- -- -- 0.837 3.94 -- - 0.442 2.86
Transit - - -1.986 -5.75 - - -0.803 -1.94 -0.447 -3.34
Tour Number
First Tour -0.649 -5.46 - -- -0.413 -6.74 - - -0.695 -9.671
Second Tour -- -- -- -- -- -- -- -- -0.365 -4.87
Stop-level attributes
Position of stop in tour/commute
First stop -0.755 -5.07 0.211 2.16 -0.97¢ -14.08 - - - -
Second stop - - - - -- - - - - -
Third stop - -- - -- - - -- -- -- -
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) Stops in Tour 1 Stops in Tour 2 Stops in Tour 3 Sgus in Tour 4
Explanatory variables
Param. t-stat. Param. t-stat. Param. t-stat. Param. | t-stat.
Constant 1.357 18.79 1.477 14.01 2.092 13.42 1.505 12]66
Tour Level Attributes
Number of stops in tour
One 0.745 23.94 0.575 10.04 0.326 5.4% 0.340 2|81
Two 0.416 12.64 0.362 5.97 - - - -
Three 0.236 6.99 0.239 3.7 - - -- -
Four 0.195 5.09 0.142 1.87 - - - -
Tour Mode
Drive Alone -0.534 -15.16 -0.283 -4.12 -0.366 -2.93 -- -
Drive with Passenger -0.519 -14.03 -0.277 -3.90 480. -3.82 -- --
Walk/Bike -0.947 -17.29 -0.571 -6.32 -0.870 -5.46 - - --
Stop Level Attributes
Available time for activity and travel 0.0004 8.6 0.0002 3.21 0.0001 1.58 -- --
Destination activity type
Maintenance 1.252 34.07 1.021 18.0f 0.84( 8.0Pp 61.15 5.71
Visit 2.615 50.34 2.549 32.37 1.998 14.09 2.460 09fL
Social 2.639 40.68 2.454 25.62 2.233 13.7 2.444 .03 8
Shopping 1.606 43.80 1.523 27.48 1.126 11.8p 1.227 7.23
Entertainment 3.632 50.21 3.129 31.5p 2.824 16.1p  .4943 8.92
Active Recreation 2.553 46.58 2.387 25.28 2.131 442, 1.694 5.25
Eating Out 1.829 37.38 1.720 24.8] 1.589 13.1p 4.29 5.49
Work Related 3.278 79.68 2.441 31.2y 2.103 13.0p 56@. 8.17
Other 2.255 46.36 2.134 26.9] 1.758 12.0p 2.416 8.75
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) Stops in Tour 1 Stops in Tour 2 Stops in Tour 3 Sgus in Tour 4
Explanatory variables
Param. t-stat. Param. t-stat. Param. t-stat. Param. t-stat.
Constant 2.256 95.19 2.290 164.42 2.146 19.1] 2.131 53.18
Tour Level Attributes
Number of stops in tour
One 0.110 5.03 -- -- -0.197 -2.29 -- --
Two 0.186 7.89 -- -- -0.279 -3.07 -- --
Three 0.140 5.81 -- -- -0.209 -2.16 -- --
Four 0.120 4.39 -- -- -0.279 -2.40 -- --
Tour Mode
Drive Alone -0.084 -4.85 -- -- 0.330 411 -- --
Drive with Passenger 0.267 3.32 - -
Shared Ride 0.471 4.02 - -
Transit 0.105 2.87 0.273 2.57 0.647 3.29 -- --
Stop Level Attributes
Destination activity type
Visit 0.468 12.75 0.365 7.37 -- -- -- --
Social 0.299 6.51 0.267 4.29 -- -- -- --
Entertainment 0.545 10.59 0.349 5.26 0.549 4.72 -- --
Maintenance 0.137 5.30 - - - - - -
Shoppmg 0.074 2.89 - - -- - - --
Active Recreation 0.330 8.53 0.303 494 -- -- 0.506 2.4
Eating Out 0.138 3.96 0.126 2.97 -- -- -- --
Work Related 0.819 28.16 0.504 10.54 0.373 3.61 0.601 2.97
Other 0.516 15.09 0.324 6.45 0.261 2.79 0.268 14|p




Table B.412 Location of a stop (Model NWSCH11)

Explanatory Variables Param. t-stat.
Distance to ultimate destination (in 100s) -0.044 -6.50
Distance to ultimate destination (in 100s) * Shogpactivity -0.090 -6.49
Generalized cost (in minutes) -0.022 -12.45
Same zone as origin 3.031 25.24
Adjacent zone to origin zone 1.934 18.44
Maximum number of retail employees reachable witth minutes 3.906 E -5 1.91
Maximum number of education employees reachalieimiO minutes -4.262 E -5 -1.49
Population accessibility(in 100s) -0.010 -2.52
Retail and Service Employment accessibility 1.149E -4 11.09
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School-to-home duration (Model || Home-to-school duration (Model
Explanatory Variables CSCHI) CSCH2)
Param. t-stat. Param. t-stat.
Constant 2.670 61.98 2.587 57.54
Commute mode is walk or bike 0.189 4.16 0.14 273
Commute mode is school bus 0.486 9.69 0.74 0915.
School zone adjacent to home zone -0.245 -5.87 -0.314 -7.61
Distance from home zone 0.004 2.22 0.00 1.21
School zone same as home zone -0.49b -10.68 6090. -13.27
"6" ] $ ( $ . $ $ & % 7! $ 8
Explanatory Variables Param. t-stat.
Constant -1.551 -4.64
Male .989 3.02
Child goes to school 466 1.46
6" ). % , ( $.% $& % 7'$ 18
Explanatory Variables Param. t-stat.
Constant 5.613 35.09
School End time 0.001 14.31
Age 0.032 2.44
"6"l -& $% ($.% 3 & 7% 68
Explanatory Variables Param. t-stat.
Constant 6.291 29.32
Departure time for tour -.002 -8.24
"6"6 , ($.% $& 7% 8
Explanatory Variables Param. t-stat.
Constant 1.738 4.35
Tour mode is Walk or bike -0.801 -6.1(
Age 0.066 2.01
School End Time -0.001 -3.16
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Explanatory Variables Param. t-stat.
Same zone as origin 0.564 2.44
Auto in-vehicle travel time -0.229 -13.64
Auto in-vehicle travel time * Walk or bike mode -0.419 -10.52
Maximum number of retail employees reachablbiwil0 minutes (in -1.48 E-04 -1.67
Maximum number of food employees reachableiwill® minutes (in ) 6.92 E-04 2.75
Maximum number of transit stops reachable witth minutes (in ) -7.25 E-04 -1.91
Population of the zone 6.558E-05 1.72
Population accessibility (in100s) 0.035 -7.34




